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PREFACE. 



TiiE work now offered to the public has been prepared 
with the design of presenting in a condensed form the out 
lines of American and European G-eology. 

The recent geological surveys have made us acquainted 
with the Geology of the American continent, especially of 
the United States and the British Provinces. From thegrea^ 
amount of material thus furnished, such selections and clas- 
sifications have been made as to present American Greology 
in a systematic form ; the subject is not treated, however, 
with exclusive reference to America, but the facts and de- 
ductions pertaining to each portion. of the globe have been 
combined in one comprehensive system. 

Although the1)ook is elementary in its character, and par 
ticularly designed for students in G-eology, it is not limited 
to the mere detail of facts or to scientific description ; but, 
with a view of rendering the subject attractive to the gen- 
eral reader, the most important theories of the science are 
discussed, with its practical applications and relations to Nat- 
ural Theology and Revelation. 

The printed sheets were first used in the instruction of 
classes in Geology, and subjected to the criticism of scien- 
tific friends. The work has since been revised and reprint- 
ed. It is believed, therefore, that the student will find it 
clear in statement, and free from any important scientific 
errors. 

Illustrations for the work have been drawn firom the whole 
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field of geologioal phenomena. Many of the ouis illostra- 
ting American Q-eology are from original drawings ; others 
have been taken from scientific journals and geological re« 
ports. The illustrations of European Q-eology have been se- 
lected from standard works. The wood-cuts, therefore, may 
be received as faithful representations of the actual phenom- 
ena which the crust of the earth presents. 

The table of contents contains a complete analysis of each 
subject. (Questions are added at the foot of each page, for 
the convenience of those who may use the work for element- 
ary instruction. 

Those portions of the work from the beginning to the ter- 
tiary, and from the triassic to the unstratified rocks, were 
first composed by Professor Adams, and the remainder by 
Professor Q-ray. 

New York, OeioUr, IMS. 
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INTRODUCTION. 



1. Geology is that Science which investigates the physical History 
of the Earth. — This history is written in the layers and masses of 
mineral matter which constitute the crust of the earth, and be- 
comes intelligible in the investigation of the successive changes 
to which the earth has been subjected. 

In the study of Geology, the first step is to obtain a knowlednje 

of the forces which a re now active, in respect of the manner jxx 

. — — ~ — .. . — *-- . — ^. — ^,. ... - 

which they act and of the effects which they produce. The sec- 




able to understand the changes of which these effects are the me- 
morials. If also, in the third place, by means to be hereafber ex- 
plained,jjej;j^ji8j;i^taiojtbeJ»di^ of time in whipUdiieL events . 
Gave occurred, we s hall ha v^-a-^gonnected hi story . 

It is obvioU Sjhat t^^ j^aalj^iiif till a ^p^ganri^n^Jn frTi^^Tit^r^ be- 
tween the p.ei8t.4Uld..the present laws of nature ; for, however the 
circumstances may differ, the elementary forces are ever the same. 
With perfect confidence in their uniformity, the astronomer pre- 
dicts a future eclipse, and the geologist describes extinct animals 
and plants. 

r Thus we may show that there has been a different distribution Y 
of land and water, and that mountains have arisen, in successive \ 
;. periods, so as to obliterate all resemblance between this truly an- \ 
( cient and our modem Geography. We may also see many suc- 
cessive races of the animal and vegetable inhabitants of the globe, 



Define Geology. What is the first step in the study of Geology? the sec- 
id? the third? What is the basis of geological reasoning? What are the 



ond? 
rasiilts ? 
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different firom each other and from diose wfaich now exist, ap- 
pearing, and afterward beocxning extinct in an uninterrupted se- 
ries, of which die beginning and end are known only to the Cre- 
ator. 

II. Rdatitms qfCrtolcgy to ether Sdemeet, — ^These relations ara 
those of mutual dependenr^. 

1. The effects of heat on mineral substances, and the action of 
the substances on each other^ can not be investigated withc^t the 
aid of Cketnisiry. The principles of Mechanics are used in the 
investigation of the manuer in which the great agents, water and 
heat, effect the removal of materials and elevate mountain chains, 
and in which the glaciers of the present and of a former period 
have modified the surface of countries. The magnetic influeaces 
which pervade the earth's crust ally Greology with another 1>ninch 
of science. 

Without Botany and Zoology , the geolo^st could not interpret 
the wonderful records which are preserved in die form of fossil 
remains. These sciences enable him to perceive that most of 
thejossik belong t9^estUl£t.S{2^ies. They also enable him to un- 
derstand the habits of these species, and their relations to each 
other, and to the varying condition of the e arth's surface , Cbm- 
parative anatomy aids in showing how, from a fragment, to re- 
construct the whole animaL 

On Mineralogy Geology depends for a knowledge of the visi- 
ble composition of rocks. A knowledge of their mineral consti- 
tntion often enables the geologist to understand their origin and 
history. 

2. In return for these favors, Greology directs to the localities 
of useful minerals, and throws much light on their orig^ It re- 
stores many species of organic bodies which have been buried in 
the earth, and enables the naturalist to fill up many wide gaps 
in the plan of the existing creation. It also carries back the 



Of what nature are the relations of Geology to odier sciences T What aid 
does it derive firom Ohemistry and Mechanics? What fiiom Botany and Zo 
•kgyf What firom Ifineralogyf What aid do other iciencM derive froim 
I 
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history of the aaimal and vegetable kingdoms into inconceivably 
remote periods, and exhibits the plan of creation as extending 
throughout time. It throws much light on questions relating to 
the origin, the nature, and the destiny of species. The present 
distribution of animals and plants over the surface of the earth 
is much influenced by the nature of the geological formations. 

The more intimate, therefore, the acquaintance of the geolo- 
gist with these kindred sciences, the more successful and accu- 
rate vtrill be his investigations. It is not essential, however, that 
his knowledge of them should embrace much more than the gen- 
eral results of the labors of others who are specially devoted to 
them. Still more ordinary attainments will suffice for the pur 
poses of the general reader of Geology. 

• III. RdcUiqns of Geology to the Arts, — The economical rela- 
tions of Geology may be chiefly comprehended under the genera) 
divisions of agriculture^ mining, architecture, and engineering. 

1. For the agriculturist, it detects beds of marl and peat, of 
limestone, of green sand, of phosphate of lime, and of gypsum. 
It al3o enables him to understand the origin of his soils. 

2. For the miner, it often decides, on a moment's inspection, 
whether certain minerals may occur or can not occur in a given 
region ; for many valuable substances are found only in a very 
limited part of the geological series of rocks. It also assists the 
miner to understand the mode of the occurrence of minerals. 
This may be in layers more or less parallel with the rocky strata^ 
or in veins cutting across them. They may be in regular or ir 
regular masses, or may be merely a disseminated constituent ol 
a rock. A knowledge of these facts, and of their causes, is uso 
ally essential to success- in mining. 

3. To the architect Geology is of great service in the selectiob 
of building sites, and in the choice of stones, or of materials for 
bricks. 

4. The engineer also is aided by Geology in choosing the best 
line in the arrangement of excavations and embankments, and in 

What are the relationB of Geology to agricnltare 7 to mining f to architect 
Wfet to engineering f 
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the selection of the materials for the construction of roads and 
canals. 

IV. HUt&ry of Geology, — The remarks which have been made 

on the connection between Geology and other natural sciences, 

suggest an obvious cause of the recent origin of Geology properly 

so called. The sciences, without whose interpretation the facts 

»f Geology are unintelligible, are themselves of recent origin. 

Speculations on the process of creation, and idle hypotheses 
)f the phenomena of fossils and of the stratified and the crystal- 
dne rocks, mingled with occasional glimpses of true theories, 
make up the history of the subject until the latter part of the last 
century. At that time, Werner, a German professor in a school 
of mines, proposed and defended the Neptunian theory. This 
theory accounted for all the rocks by the aqueous deposition of 
strata, which were supposed to be originally continuous over the 
whole surface of the earth. Werner was the father of Mineral- 
ogy; but the title of the father of Geology belongs to Hutto'n, a 
Scotch geologist, who soon after proposed the Plutonian theory. 
According to Hutton's theory, which has been established, the 
unstratified rocks are of igneous origin, like the lavas of the pres- 
ent epoch, and the stratified rocks were originally sand, clay, 
mud, gravel, &c., like the aqueous deposits of the present time. 
Hutton supposed that these deposits were derived from the abra- 
sion of ancient continents; that some of them were rendered 
crystalline by the heat of protruded igneous rocks ; and that in 
such a series of changes Geology can discover no proof of a be- 
ginning nor prospect of an end. 

After much discussion, in which Werner's theory was abandon 
ed, geologists applied themselves to laying a durable foundation 
for the science, in the collection and systematic study of facts. 
Mr. William Smith, an English geologist, although in an obscure 
position, was the real pioneer and head of this movement. In 
the latter part of the last and the commencement of the present 

century, he accomplished more for British Geology than all his 

' 'I 

Caoae of the recent origin of Geology 7 What was the Neptunian theory 7 the 
Plutonian theory 7 What was the subsequent history of European Geology t 
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cotemporaries. In 1807 the Geological Society of London waft 
formed, which was followed by other European societies. The 
enthusiastic efforts of men of wealth and of distinguished talents, 
with occasional aid from governments, in alnKNSt all parts of Eu- 
rope, have resulted in the collection of a vast amount of materials. 
These, with the legitimate deductions, constitute a science which 
is now in most of its parts as well established as Astronomy. 

The most prominent features in the history of geological opii 
ions, during the second quarter of this century, have been tl i 
theory of internal heat, and the question of a uniform or a dimin- 
ished intensity in the action of geological agencies. 

The oldest book on the geology of America was a German 
work written by Dr. J. D. Schopf, and published in 1787. But 
the study of Ameiican Geology was effectually commenced in 
1807 by William Maclure, who alone explored a large part of 
the United States, and published a geological inap of the coun- 
try. Mr. Maclure was soon followed by Dr. Bruce, Professor 
Silliman, and at length by a numerous body of able geologists. 

In 1824 was commenced a series of geological surveys of most 
of the United States, made under the authority of the State Leg- 
islatures. The following is a chronological list of these surveys, 
with the dates of their commencement : 

1824. North Carolina ; by Prof. Denison Olmsted. 

" Edward Hitchcock. 
" G. Troost. 
" J. T. Ducatel. 
" Henry D. Rogers. 
" Wm. B. Rogers. 
Dr. J. G. Percival and Prof. C. U. 
Shepard. 
1836. New York; " Profs. W. W. Mather, Lardner 

Vanuxem, Ebenezer Emmons 
Mr. James Hall, and Mr. Tim 
othy Conrad. 

Who were the first cultivators of Geology in America? What means have 
been employed to develop the Gee logy of the United States? 



1830. Massachusetts; 

1833. Tennessee; 

1834. Maryland; 

1835. I^ew Jersey j 
1835. Virginia; 
1835. Connecticut; 
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1836. Maine ; by Dr. C. T, Jackson. 

1836. Pennsylvania; " Prof. Henry D. Rogers. 

1836. Georgia ; " John R. Cotting, Esq. 

1837. Delaware ; " Prof. James C. Booth. 

1837. Indiana ; " Dr. David D. Owen. 

1838. Michigan ; " Douglass Houghton, Esq. 

1838. Kentucky ; a reconnoissance only ; by Prof. W. W. Ma* 

ther. 

1839. Ohio ; by Prof. W. W. Mather. 

1839. Rhode Island ; " Dr. C. T. Jackson. 

1840. New Hampshire; ** Dr. C. T. Jackson. 

1842. Louisiana; a reconnoissance ; by Prof. W. M. Carpen- 
ter. 

1844. Vermont; by Prof C. B. Adams. 

Geological surveys have been made, or are in progress in sev- 
eral of the territories, and in the British provinces. 

These surveys have not only accomplished their object of de- 
veloping the mineral wealth of the country, but they have also ac- 
cumulated a great amount of materials for science. It is to' be 
regretted, however, that some of the states have not published 
final reports, in which cases most of the results are likely to be 
lost.* 

In 1840, an association was formed for the advancement of 
Geology, by the gentlemen who had been engaged in the state 
surveys. It soon comprehended all objects of Natural History; 
and in 1847 it was resolved into a more general "American As- 
sociation for the Promotion of Science." This association holds 
annual, and sometimes semi-annual, meetings in different parts of 
the country. 

What was the origin of the American Association for the Promotion of Soi^ 
Micef 
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I. Chemical Constitution off the Earth. — Of the sixty-two sim- 
ple substances which are known to chemists only sixteen con- 
stitute the greater part of the earth's crust. The other forty-six 
exist for the most part in rare minerals, or are disseminated in 
very minute proportion through the more common substances. 

1. Oxygen is the most abundant of all elementary substances. 
[n a free state it constitutes one fifth of the atmosphere. In com- 
bination it forms eight ninths of wat^r, and two fiflhs to one half 
.!>f all the solid materials of the globe. It enters largely into the 
composition of all the earths, and of most of the earthy minerals 
and ores of the metals. 

2. Silicon permanently exists in nature only in combination 
with oxygen, in nearly equal parts, forming silica, which is also 
called silicic acid. This compound constitutes forty-five to fifby 
per cent, of the earth's crust, one quarter of which is therefore 
silicon. Pure quartz is silica, and consequently silicon exists in 
most of the rocks and minerals. 

3. Calcium exists chiefly in combination with oxygen, forming 
lime, of which it constitutes nearly two thirds. The lime exists 
mostly in combination with carbonic acid, forming carbonate of 
lime. About seven per cent, of the earth's crust is calcium. 

4. Aluminium exists in nature only in combination with oxy 
gen, in nearly equal parts, forming alumina. This compound 
constitutes one fifth of feldspar, and exists in most minerals and 
rocks. Probably about five per cent, of the earth's crust is alu- 
minium. 

5. Magnesium exists in nature mostly in combination with oxy- 

Of how many sabstances is the crust of the earth chiefly composed 1 What 
it said of oxygen 7 of silicon 7 of calcium ? of aluminium ? of magnealam.t 
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gen, forming magnesia, of which it constitutes about three fifths. 
Magnesia forms about forty per cent, of serpentine, and ten to 
twenty per cent, of dolomite. Probably about three per cent, of 
the earth's crust is magnesium. 

6. Iron is rarely, if ever, found native, except in meteoric stones. 
It is mostly combined with oxygen, frequently with sulphur, and 
sometimes with carbon. It forms nearly two per cent, of the 
crust of the globe. 

7. Carbon exists mostly in combination with oxygen, forming 
carbonic acid, in the proportion of six parts of carbon and sixteen 
parts of oxygen. This gas constitutes about g^ifVo^^ ^^ ^^® ^' 
mosphere, but is chiefly locked up in a solid state in combination 
with lime, magnesia, &c., forming the carbonates of those bases. 
Carbon also exists in a free state in the various kinds of mineral 
coal. Nearly two per cent, of the earth's crust is carbon. 

8. Potassium exists in nature almost wholly in combination 
with oxygen, forming potassa, of which it constitutes about five 
sixths. Potassa exists chiefly in feldspar and clay, in the soil, &a 
PotEissium forms nearly five per cent, of the unstratified rocks, 
being about one tenth of the feldspar in them, and constitutes 
about one per cent, of the total of the earth's crust. 

9. Hydrogen resides chiefly in water, of which it forms one 
ninth part. Water exists not only in the ocean and in lakes, 
rivers, and the atmosphere, but is widely disseminated in a solid, 
dry state, in many rocks and minerals, The waters of the ocean 
are sufficient to cover the earth to a uniform depth of more than 
two miles. This is the principal repository of hydrogen, includ- 
ing which the total quantity is less than one half per cent, of the 
earth's crust. 

10. Sodium is next in abundance, and exists chiefly in common 
salt, in albite and in basalt. 

11. Next is Sulphur, which exists in a free state in volcanoesi 
but most abundantly in combination with many metals, as iron, 
lead, copper, antimony, &c. It also enters largely into the com- 

What is said of iron 7 of carbon 7 of potassium 7 of hydrogen 7 of sodiomf 
of sulphur? &c. 
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oination of gypsum. In minute proportions it is diffused through 
all soils, and exists in all animal and vegetable bodies. 

12. Manganese is almost universally disseminated through the 
rocks and soils, but with an average proportion not exceeding 
Y^f^^ths of the whole. 

13. Chlorine exists mostly in common salt, and in the chlorides 
of magnesium and -calcium of the ocean. It is universally dis- 
seminated. 

14. Phosphorus exists in all soils in small proportion, in the 
bones of vertebrated animals, and in the mineral phosphate of 
lime. 

15. Fluorine exists chiefly in fluor spar, combined with calci* 
um ; also in small proportion in hornblende, and in many varie- 
ties of mica, and consequently in most of the unstratified rocks. 

16. Nitrogen exists chiefly in the atmosphere and in animal 
bodies, and is generally diffused through the vegetable kingdom 
in small proportion. 

These simple substances, in the order of their abundance, are. 
oxygen, about fifty per cent. ; silicon, twenty-five per cent ; cal 
cium, seven per cent. ; aluminium, five per cent. ; magnesium 
three per cent. ; iron and carbon, each two per cent. ; potassium, 
one per cent. The remaining five per cent, consist mostly of hy- 
drogen, sodium, sulphur, manganese, chlorine, phosphorus, fluor- 
ine, and nitrogen. 

"With the exception of nitrogen, these simple substances exisl 
chiefly ot solely in combination. The following are the principal 
binary compounds in the order of their abundance : silica 
(quartz), about fifty per cent. ; alumina and lime, each ten per 
cent. ; carbonic acid, seven per cent. ; magnesia and water, each 
five per cent. ; oxides of iron, three per cent. ; potash, more than 
one per cent. Other binary compounds are, soda,.chloride of so- 
dium, sulphuret of iron, oxide of manganese, and sulphuric acid. 

Many of these binary compounds unite together, and form salts 
or ternary compounds. Such are carbonate of lime and carbon- 

In what quantity do these sabstances exist 7 In what state ? What are 
die principal binary compounds ^ What are temarj com pounds ? 

A2 
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ate of magnesia, sulphate of lime, the silicates oCipotasb, of soda, 
of limo, and of other bases. 

II. Mineral Constitution of the Earth. — As a book is com- 
posed of letters of the alphabet, grouped into words and sen- 
tences, so is the crust of the earth composed of many distinct 
kinds of minerals, which, being mixed together, constitute rocks ; 
and many of the rocks, occurring in groups of strata, with certain 
distinctive marks, forming separate chapters in the history of the 
globe, constitute what are called formations. 

Minerals, then, are the alphabet of Geology. When they oc- 
cur in homogonoous masses, they are called simple minerals; 
and when two or more simple minerals have been mixed togeth- 
er, tliey form a rock. In a few cases, a simple mineral, as lime- 
stone or serpentine, is also called a rock, because it occurs in ex- 
tensive ledges. 

There are, in the crust of the earth, more than 500 kinds of 
simple minerals ; and if a knowledge of all were an indispensa- 
ble preparation for the study of Geology, most of those into whose 
hands this work may come might well be discouraged. Butjfive 
only of these minerals constitute about nine tenths of the crust 
of the earth, and with the addition of two or three more the num- 
ber will embrace nineteen twentieths of the crust. 

1. Quartz is the most abundant of all minerals, constituting 
nearly one half of the crust of the earth. It is one of the harder 
minerals, scratching glass with facility, although inferior to the 
diamond. When regularly crystallized, it is called rock crystal, 
and is more or less transparent. Its numerous varieties occui 
with all colors. Flint is a variety, with an impalpable structure 
and conchoidal fracture. The presence of small portions of iron, 
manganese, chrome, and other foreign substances, produces nu- 
merous varieties, some of which are valued as gems, such as jas- 
per, amethyst, agates, cornelian, &c. The sand which is used in 
making mortar and glass is mostly quartz. 

2. Feldspar constitutes about one tenth of the crust of the 

What is a simple mineral 7 What is a rock 7 How many kinds of minerals 
•le known 7 How many are abundant 7 What is said of quartz 7 of feldspar? 
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earth. It is less glassy in its appearance than quartz, and is not 
quite so hard. It has a pearly luster, and is more frequently of 
a grayish white color, although sometimes red, green, &c. When 
decomposed, it forms an unctuous white clay, called kaolin, which 
is of great use in the manufacture of fire-bricks, stone- ware, pot- 
tery, and porcelain. The undecomposed mineral, pulverized, is 
used with kaolin in the manufacture of the finest porcelain. Com- 
mon day is impure decomposed feldspar. It usually contains a 
small portion of the protoxide of iron, which by heat is converted 
into the peroxide of iron, a red substance, which gives the color 
to common bricks and pottery. 

3. Limestone (carbonate of lime)^rms more than one seventh 
of the crust of the earth. Its varieties are numerous; those 
which are crystallized are called calcareous spar. It is much 
softer than quartz or feldspar, being easily scratched. Varieties 
which admit of a fine polish are called marble. At a red heat 
the carbonic acid gas is expelled, and the stone becomes lime. 
Marl is a pulverulent variety, more or less mixed with particles 
of clay, and is of great use in agriculture. Calcareous tufa is a 
deposit of this mineral from mineral springs. Carbonate of lime 
is easily distinguished from other common minerals by the ap- 
plication of a drop of acid, which will produce effervescence. 

4. Hornblende^ including augite, which is now regarded as 
merely a variety of hornblende, constitutes a la^ge part of the 
rocks of volcanic origin, and of some of the older slates. It forms 
from one fifteenth to one twentieth part of the crust of the earth. 
Some of its varieties are beautiful minerals, as actin elite, amian- 
thus, &c., prized by the mineralogist, but of little economical 
value. Asbestus is a remarkable variety, consisting of excess- 
ively slender silky fibers, that may be picked and wove like cot- 
ton into cloth, which will be incombustible. It may also be used 
for incombustible lampwicks. Compact rocks, of which this min- 
eral forms any considerable portion, although not as hard as 
quartz rocks, are exceedingly tough. 

5. Mica, often improperly called isinglass, is about equally 

WhatiAsaidoflimestona? of hornblende? of mica 7 
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abundant with the preceding. It is not very bard, and usually 
occurs In thin elastic plates, which are sometimes found, contain- 
ing one or two square feet, but more frequently are very small, 
like scales, shining, black, brown, or silver colored. The large 
sheets are used for lanterns, stove-wdndows, and. in the Russian 
navy for common windows, not being broken by the concussion 
of a broadside. 

6. Talc is one of the softest minerals, being very easily cut 
with a knife. It often resembles mica, but is softer, not elastie, 
and has an. unctuous feel. It contains 30 to 33 per cent, of mag- 
nesia. One of its varieties, steatite (soapstone), occurs in extens- 
ive beds, and is much used for fire-places, stove-linings, &c. 
Talc is usually light green. 

7. Chlorite is generally dark green, and difters but little from 
talc. 

8. Serpentine is usually of some shade of green, the varietiea 
of lighter color being called precious serpentine. It is harder 
than limestone. It receives a high poHah, and when free from 
the cracks and seams with which it usually abounds, is an ele- 
gant substitute for marble. 

9. Gypsum (plaster), rock salt, and coal, are the only othei 
minerals which form any considerable portion of the earth's crust 

III. General Structure of the Earth. — By the crust of the earth 
we mean that portion which comes within the reach of observa- 
tion and legitimate inference; this is much more than is com- 
monly supposed by those who are unacquainted with Geology. 
The crust is composed essentially of solid rocks — the loam, sand, 
gravel, clay, and other soft or loose materials, being merely a' su- 
perficial covering. 

There are two kinds of rocks, differing both in structure and 
origin — the stratified and the unstratified. 

The stratified rocks occur in layers or strata, and were depos- 
ited from water. Hence those which lie beneath are most an- 
cient ; and where two kinds of stratified rocks occur in junction, 

What is said of talc ? &o. What is meant hy the crost of the earth 7 What 
are the two kinds of rocks ? What is said of stratified rocks 7 
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Che one lying under the other, their relative age is obvious. By 
this simple principle of position, the relative age of most of the 
rocks has been determined. The various circumstances attend 
ing the deposition may also, to a great extent, be inferred from 
the character of the strata. Thin layers of fine materials, and 
of very uniform thickness, are deposited from quiet water, and 
those which consist of coarse gravel and pebbles are the products 
of agitated waters. The layers of the stratified rocks, originally 
mud, sand, gravel, shells, coral, &c., have become solid by the 
agency of heat, pressure, cohesion, crystallization, &c. 

The unstratified rocks, on the other hand, usually occur in ir- 
regular masses, sometimes overlaying other rocks, or in veins 
cutting across the layers of stratified rocks, or forming beds in- 
terposed between those strata. Modem lavas and ancient gran- 
ites are alike unstratified and of igneous origin — the various un- 
stratified rocks having been erupted, in a melted condition, at dif- 
ferent periods in the history of the earth. 

The. unstratified rocks .which are now erupted fi:om volcanoes 
have their source beneath all other known rocks ; and it is infer- 
red from various data, that those of ajicient date were in like 
manner enipted from beneath the then existing rocks. Going 
far back in the geological history of the globe, we come to a pe- 
riod when the lowest and oldest stratified rock rested alone upon 
granite, the oldest of the unstratified. Beneath are doubtless, in 
immense irregular beds, the reservoirs whence the eruptions of 
the igneous rocks had their origin, and above we have the suc- 
cessive strata, whose contents reveal the physical history of the 
earth. 

A general idea of the structure of the earth may be obtained 
from the following figure, which is not intended to represent any 
given region, but is an ideal exhibition of the positions of the 
rocks as they would appear in a section through the crust of the 
earth. A little attention to the explanations will supersede the 
necessity of a lengthened description. 

What is said of the mode in which the unstrardfied rocks occar? of theii 
•ourMf 
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1. VnUratijied Recti, of ignami Origin.— G. Grsnito. So. Sjsnite. Pr. 
Porphyiy. Tp. Trnp rocks. Td. Trap dike. L. Lav&. e, c. Finorea Ihmngh 
wbicb the water uf the oceao penetratai to llie melted Uv>. 
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Metnmorphio rocks. Fz. Palraaoic rocks, or the oldest rocki whioh coDtan 
the remaiaa or animali and plants. Mz.Memzoic nicka. Tt. Tertiary itnta 
D. Saperficial coveting of eand, gravel, aad looM ttooea. 



PART I. 



GEOLOGICAL AGENCIES. . 

With a constitutional belief in the constancy of the laws of 
nature, we look to the operations now in progress, not only on 
account of their intrini^c interest, but because they alone can en- 
able us to understand the history of the past. When we have 
seen strata in the process of accumulation beneath the waters, 
burying within them the present races of animals and plants, 
marine, fluviatile, or terrestrial, the species of hot or those of 
cold climates, according to the situation in which these deposits 
are forming ; and when we have seen unstratified rocks result- 
ing from eruptions of lava, we shall be better able to compre- 
hend the origin of ancient deposits, with their imbedded relics of 
species which have long been extinct, and of those enormous 
masses of unstratified crystalline rocks which exist where the 
volcanic fires have long since gone out. 

Classification of Geological Agencies, — Geological agencies 
may, for the most part, be refen-ed to three heads : the igneous, 
comprehending all the effects of heat ; the aqiieouSf including the 
effects of water in all its forms ; and the organic, or agency of 
the animal and vegetable kingdoms. 

Intensity of Geological Agencies, — Some very able geologists 
are of the opinion that the course of nature has been, through 
all the geological epochs, the same as at the present, not only in 
the nature of the agencies of change, but also in the degree of 
intensity with which they have acted ; that volcanic forces have 
never been more violent than they are now ; and that there have 
been no other changes of climate than those which are conse- 
quent on changes in the relative distribution of land and water. 

What are the principal agencies now actiye in modifying the cnut of tlie 
aarth 7 On what points do geologists differ ? 
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Many others, suppose that volcanic convulsions of the earth's crust 
have been more violent and on a larger scale than at present; and 
that the earth's surface was once intensely heated by the internal 
fires, and after a partial reduction of temperature, was adapted 
for the support of the dense tropical vegetation and the tropical 
races of animals, whose remains are now found abundantly in cold 
climates. Without discussing this question at present — the only 
elementary question on which geologists differ — we merely hold 
it up, that it may be seen in the light of the facts which we are 
briefly to notice. 

This difference of opinion, which is gradually diminishing by 
an approach to a medium, it is important to observe, Iblates only 
to the energy of the geological agencies o^ former periods. It is 
admitted by all that these agencies have ever been of the same 
nature as at present. 



CHAPTER I. 

AQUEOUS AGENCIES. 

The aqueous agencies, which are modifying the surface of the 
earth, act both chemically and mechanically. Their chemical 
effects are limited chiefly to the solution of rocks. Mechanically 
their action is more various and extensive. By penetrating por- 
ous rocks, and by circulating in the form of rivers, tides, waves, 
marine currents, glaciers, and icebergs, water is continually rend 
ing the rocks into fragments, and removing the materials to low 
er Jevels, or into the ocean. With yet greater facility are mate- 
rials carried down which have been dissolved in water. Tht 
^general tendency oftzqueous action is^ therefore, to transport the can- 
i$Uo the ocean. 
^The ocean covers more than two thirds of the sarface of the 

>bet and the rise of water consequent on the transport of mate- 
^"^^~ . ^"^""^ ■ 

What is nid of the chemical effects of aqaeoas agencies? of their meohai^ 
if of their general tendency 7 
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rials luto the ocean tends materially to increase its extent at the 
expense of the existing continents. There would, therefore, be 
at length a universal inundation, if the sinking of the bed of the 
ocean and the elevatory agencies of igneous action did not tend 
in an equal or greater degree to diminish its area. 

Aqueous agencies may be classified as they are or are not ma- 
rine. 

Those which are not marine are the atmospheric agencies of 
rain and &ost, rivers, lakes, springs, and glaciers. 

The marine agencies are icebergs, waves, tides, and oceanic 
currents. 

SECTION I.— AQUEOUS AGENCIES NOT MARINE. 

I. Atmospheric Agencies. — 1. Rain acts chemically on all cal- 
careous rocks. It is well known that water, when pure, will no' 
dissolve limestone, but that, when charged with carbonic acid gas^ 
it will dissolve calcareous matter with a facility proportionate to 
the quantity of gas in the water. Falling rain absorbs this gas 
from the air, and thus acquires the power of slowly dissolving the 
solid rocks in limestone countries. Calciferous rocks exhibit the 
effect of this action in the irregular furrows which are worn down 
their inclined sides, and in their more or less rounded surfaces. 
Rain also promotes the union of oxygen and carbonic acid with 
the iron of iron pyrites, and thus causes rocks which contain this 
mineral to crumble. In a similar manner it acts on other metals, 
and on the common alkalies, potash and soda, in such feldspath- 
ic. rocks as granite and syenite. The chemical part of this pro- 
cess is called decomposition* The mechanical effect in the crum- 
bling of rocks is called disintegration. Rocks which contain py- 
rites and alkalies abundantly are therefore most affected in this 
manner. The effect is much greater when a porous or fissured 
structure allows the rain to penetrate far into the rock. 

Rains also act mechanically by carrying the loose fragments 
aud particles on. the surface of the ground into rivers, thus fur- 
How are aqueous agencies classified ? Describe the action of rain. What 
ia docomposition 7 What is disintegration 7 
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nishing them not only with their liquid, but also with their solid 
contents. 

This agency is veiy striking in some countries, where the rock 
formations are more or less porous like sandstone, or where they 
have not been first worn and then protected by drift In Jamai- 
ca and Antigua, there is often an imperceptible gradation of co- 
herence from the loose soil of the surface to the solid rock be 
neath, and the upper portions of the latter may easily be removed 
with a spade. Heavy rains falling on the steep sides of mount- 
ains of such rocks will, therefore, carry off immense quantities of 
matter, and expose fresh portions of rock. 

The removal of mineral matter from higher to lower stations 
is the greater from the fact that a greater quantity of rain usu- 
ally falls on high than on low lands. Elevated districts, being 
cooler, condense a greater portion of the vapor, which is every 
where present in the atmosphere. This is especially manifest in 
hot countries, where the intense heat enables the air to contain 
an immense amount of watery vapor, which is condensed in del 
uging showers on the sides of the mountains. 

2. Frost is another atmospheric agency, which in cold climates 
more or less compensates for the deficiency of rain in the work 
of destruction. Water penetrating into porous rocks, or enter- 
ing fissures and expanding by frost with an irresistible force, 
crumbles the surface, and throws out large blocks of stone. The 
fragpnents lie in enormous heaps at the -base of precipices, or fall 
into the beds of mountain torrents, and are removed by freshets. 
Such an accumulation of angular blocks at the foot of a precipice 
is called a taliis, and usually has an inclination of about 40°. 

A very compact structure almost wholly preserves a rock from 
this mechanical agency, and a covering of clay preserves it also 
from the chemical action of water. In the valley of the Con- 
necticut, porous sandstones have been penetrated and altered to 
lihe depth of ten feet Granite and syenite often have a discolor- 

exterior of only one er a few inches. Bat on coniipact varie- 

die action of frost. Meaning of taloi f To what depth havs 
been acted upon by water? 
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ties of greenstone, the altered exterior is but a small fraction of 
an inch in thickness, and those striae are retained which were 
made by glacial agency in a period long anterior to any human 
history. In the valley of Lake Champlain, marbles which were 
polished and striated by the glacial agency, and then covered 
with clay, are found, when now uncovered, to retain not only the 
finest striae, but their brilliancy of polish. ^ 

II. Rivers, — Rivers co-operate in the work by carrying down 
limestone in solution, thus furnishing the materials for the solid 
structures of some of the most extensive and interesting organic 
agencies which we are to notice. Their most obvious action, 
however, is in the transport of matter merely by mechanical agen- 
cy. This is much greater than some would suppose, from the 
fact that mineral substances lose about three sevenths of their 
weight in water as compared with their weight in air. A cur- 
rent moving with a velocity of only 300 yards per hour, will tear 
up fine clay ; of 600 yards per hour, will remove fine sand ; of 
two thirds of a mile per hour, will remove coarse sand ; and with 
a velocity of two miles per hour, will transport stones two inches 
in diameter. The agency of running water is also multiplied by 
the friction of the transported fragments upon each other and on 
the bed of the stream. 

One of the most magnificent and instructive examples of the 
denuding agency of rivers is to be seen in the retrocession of the 
Niagara Falhf which have cut an enormous ravine from Queens- 
town, seven miles back, to their present situation. Sofb shales at 
the base of the falls underlie the harder limestone, which is grad- 
ually undermined, and fi-agments of the overlying rocks are de- 
tached from above. In this way the falls are now retrograding 
at a rate not easily reckoned with precision for the want of his- 
torical data, but variously estimated to average from one foot to 
one yard per year. As the rocks have a small dip backward in 
the direction of Lake Erie, the water will at length cease to act 
on the sofb shales for the want of sufficient fall below to remove 
the materials. The process will therefore be arrested long be- 
fore the falls can have traveled back as far as the lake. 

In what manner do rivers act 7 Describe the action of Niagara River at the 




In crossing the river just below the ftlls, the view is justly re- 
garded as one of till! moat sublime intbe natural world. As you 
look up from this deep ravine, you see at least 20,000,000 cubic 
feet of water each minute rushing down from a height of 160 feet, 
and appearing in truth 

"Ah if God ponred it from his ' hollow hand,' 

• • • » an^ dad bid 

lU flood to chronicle the ages back. 

And notch his centoriea in the eternal rock." 

A remarkable example of rapid erosive action of water ia found 
at the lower falls of the Genesee River, at Portage, N. Y, It ia 
within the recollection of some of the inhabitants that the rivei 
flowed over a table rock, and waa precipitated 96 feet to the level 
of the river below the falls. There is, however, now a channel 
extending back from the falls one eighth of a mile, 80 feet wide 
and deep, forming a violent rapid, down which the water, bear- 
ing along ice and debris, rushos and rapidly wears away the solid 
rocks. Within fire years it is known to have deepened in aome 
places five or six feet {Fig. 3). 

In 1603 a current of lava flowed down from the highest sum- 
What ia aaid of Qenesee River ? 
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mit ofMtna, on the west aide into the valley of the Simeto, and 
completely blocked up the beds of the nver. In the course of 
SOO years the stream has worn through this lava, which is a com 
pact blue rock, a passage from fifty to several hundred feet wide, 
and from forty to fifty ieet deep. 

The Ganges and Burrampooter, descending from the Hima- 
laya Mountains, the loftiest on the globe, unite in a vast delta 
which they have formed. This delta is an extensive alluvial 
plain, reticulated by an immense number of channels, and ia 
more than half as large as the State of New York. Nothing as 
coarse as gravel can be found rear the Ganges within 400 miles 
)f its mouth. The river has been knovm to carry away 40 
square miles from one district within a few years. Islands of 
many miles iu extent are formed in a short period. Various os- 
dtnates have been made of the quantity of the solid matter which 
ia cBiTicd down by this river ; according to the most accurate of 
which, 35,000 cubic feet of mud pass down every minute during 
the flood season, or about 3,500,000 tons daily, and the quantity 
discharged during the 120 days of the flood must therefore 
amount to 6,000,000,000 of cubic feet. High tides (11 to 16 
fbet) rapidly disperse this sediment in the Bay of Bengal, whose 



What issaidoftheSimetoT theGangess 
of matter does Ibe Ganges transport t 



idBnnampooterl 



SS AGBNOT OF RIYBBS. 

waters. IOC fathoms deep at 100 miles out, are gradually shoaled 
fix>m this distance toward the shore to four fathoms, and for 60 
milos are discolored hy this turhid stream. The annual discharge 
of the Ganges would be sufficient to cover a township six miljes 
square with soil to the depth of nearly seven feet. 

The delta of the Nile is nearly as large as the State of Vermont 
Its progress has been arrested in comparatively modem times by 
an easterly current in the Mediterranean, which carries off much 
of the sediment that is discharged into the sea, and preys occa- 
sionally upon the delta itself. It is very probable that a bay once 
occupied the site of the delta, and that it must have been of great 
deptn, for while the sea near the shore gradually deepens to 50 
fathoms, it then suddenly falls off to 380 fathoms. 

The AtnazoH is probably unequaled among all die powerful 
agents of degradation. The vast amount earned out by its cur- 
rent, which is not entirely lost in the ocean at the distance of 300 
miles from land, is furnishing materials, which, instead of form- 
ing a delta, become the subjects of oceanic agents. * 

The Mississippi, the father of waters, has formed most of the 
lower part of Louisiana, and is forming a tongue of land which 
extends far into the Gulf of Mexico, and which has advanced sev- 
eral leagues since New Orleans was built. The annual discharge 
of this nver is 14,883,360,000,000 cubic feet, equal to 101-1 cubic 
miles of water. This is about one twelfth part of the quantity' 
of rain which falls in its valley, the remaining eleven twelfths 
being lost by evaporation. The average amount of sediment is 
yiyth part, making 28,188,000,000 cubic feet, or 2,000,000,000 
tons of solid matter. This annual deposit would be sufficient to 
cover a township six miles square to the depth of 30 feet. The 
delta comprises an area of 13,000 square miles, with a probable 
depth of not less than 1000 feet. This amounts to 2700 cubic 
miles, and would have required 14,000 years for its deposition, 
if all the sediment had fallen within its area during this time. 
Since, however, a considerable portion has been more widely dis- 
tributed in the Gulf of Mexico, the age of the delta must bo much 
greater. 

In Massachusetts, the matter carried down by the Merrimac 
ha3 been estimated, from careful experiments by Dr. S. L. Dana, 
of Lowell, to be 840,000 tons per annum. 

The destructive force of occasional floods and storms is wor* 

thy of notice. Oceanic deltas are liable to be flooded not only 

What is said of the Nile? the Amazon? the Mississippi? the Merrimac f 
In what manner do floods increase this action ? 
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by freshets, but by storms from the sea, driving up the tide and 
current, and when, at rare intervals, these causes all combine, ex 
tensive tracts are entirely remodeled, and vegetable and animal 
Hfe perisli on a scale commensurate with the changes in inorgan- 
ic nature. 

Tropical mountainous regions are especially liable to very de 
structive floods, which pour down in continuous cataracts, sweep- 
ing along rocks of many tons* weight, where ordinarily an insig- 
nificant brook only is to be seen. Temporary rivers are then 
formed where, in dry seasons, water is entirely wanting. 

Masses of ice co-operate powerfully with freshets, choking up 
the course of the stream, and forming basins of the accumulated 
veaters, which at length burst their barriers, and rush down, tear- 
ing up the loose earth in narrow gorges, like Deerfield River in 
Massachusetts, and grinding over the solid rocks vnth the noise 
of thunder. 

The tendency of a river flowing through a plain of unconsoli- 
dated materials is to form curves, or bends, as they are usually 
called. Wherever the current deviates from a straight line, it 
strikes the opposite bank, wearing it away, while the compara- 
tive quietness of the water on the other side promotes the accu- 
mulation of sediment, and the degree of curvature is thus contin- 
ually increasing. At length, in some unusual freshet, the river 
cuts across the narrowed neck of the bend and forms a new chan- 
nel. Such bends are numerous on the Mississippi, and are fre- 
quently cut off*. A few years since, a remarkable bend in the 
Connecticut, in the beautiful alluvial meadows of Northampton, 
had a circuit of about three miles, with a neck of eighty rods, when 
in a freshet the river cut a deep channel across the neck, leaving 
its former circuit dry except so far as it still receives a small trib- 
utary. 

Potdtney River, in Vermont, aflbrds a very remarkable exam- 
ple of a change of channel near Fairhaven. The change occur- 
red in 1783, during a freshet, and the neighboring inhabitants 

What phenomena are presented by rivers flowing through plains f What 
ia nid of tropical regions ? of the effects of ice I 
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aaj that it wu caused by rannmg a fnrrow sckmb tbe nec^ (« « 
in the figure) of a peDinsula. 

The BccompanyiDg figure u referred to in this deseripdon, l^ 
prflKQt chaDnel being repreoeuted by continiioaa, and ths fonsar 
or dotted liiMi. 
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B B B B are hills of taconic slate; A A A A is an aUnvial plain, 
overflowed before 1753, and overljring a thick deposit of fine 
bliio clay. 

a a uro llio Dry Falls, which are about 150 feet high, and fif- 
toeii rodn long. The wntor was precipitated over the edges of 
tlin sirutu of HCifl slate. On the lower parts of the projecting 
strata urn immorotia doep furrows, mostly about a foot long, four 
to five inches wide, and two inches deep, but somewhat deepei 
in the mid4lD. There are also several pot-holee of various sizes, 

n n is recent alluvial deposit. Further up the stream we find 
high bunks of clay, and in the plain A A the river has cut through 
alluviuiii mid blue clay to a depth of one hundred ond fifty feet 
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Tmoiense slides, on either side of the tortuous stream, cover an 
area of several square miles with a scene of violent disturbance. 
c c was an island in the old channel, m is a small rivulet 
which formerly emptied into the river at r, and now runs back 
through the old channel to x, having, since 1783, cut the channel 
on the north side of the island, c c, to a great depth. The old 
channel is now covered with grass. It was only about ten feet 
below the banks, the rocks at the falls having been a barrier 
which prevented a deeper cut. 

Numerous rivers, in the lower part of their channels, have 
probably ceased the work of excavation, and, when confined by 
embankments, have a tendency to fill up their beds and run at 
higher levels. The Po and the Adige drain the northern part of 
Italy, and have caused one hundred miles of coast to encroach 
twenty miles upon the Adriatic Sea within 2000 years. On these 
rivers the practice of embankment, which commenced in the thir- 
teenth century, has been carried to a great extent. In conse- 
quence, the Fo has been filled up so much that the surface of the 
water is higher than the roofs of the houses in the city of Ferra- 
ra. The magnitude of these barriers is a subject of increasing 
expense and anxiety, it having sometimes been found necessary 
to give them an additional height of one foot in a single season. 
The Mississippi is confined by levees for a considerable distance 
above and below New Orleans, and the future inhabitants of Lou- 
isiana may find the river rather unmanageable, should it begin to 
fill its bed and to raise its waters. In consequence, however, of 
the increased evaporation resulting from the clearing of forests 
about the sources of the river, it is said that the annual discharge 
has sensibly diminished within fifty years. In a small degree, 
however, the levees, by preventing the expansion of the river in 
freshets, diminish evaporation. 

Notwithstanding the powerful degrading agency of rivers, they 
have not, in most cases, formed the valleys through which the} 
flow. These are usually due to agencies which gave the con 
figuration to the surface of the earth long anterior to the historic- 
al epoch. Some rivers, as may be seen in Fig, 5, turn aside from 
valleys, through which a moderate elevation would send them, 

What is said of the Po ? of the Adige f of the Mississippi ? of river valle^ftt 
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to pass through mountain gorges, which must have been made by 
other agencies. But the terraces so frequently seen on our riv- 
ers were mostly formed by their degrading agency in a former 
period, in the history of which we shall explain the mode of 
their formation. 



Fi^.5. 




aaaa, a valley, which is crossed by Deei*field, Westfield, and 
Farmington rivers, c, t, i, and G, are greenstone ridges. H, 
Mount Holyoke ; T, Mount Tom. 

III. Bursting of Lakes, — The bursting of lakes is an agency 
which, although occasional and rare, produces powerful effects. 

A frightful deluge occurred in 1818 in the valley of Bagnes, in 
Switzerland. The waters of the Drance were dammed up by 
the falling of glaciers and avalanches, which formed a barrier 400 
feet high and 600 feet wide, above which a lake nearly a mile 
and a half long accumulated. A bold and persevering engineer 
tunneled the dike so as to meet the surface of the water of the 
lake, which flowed through, gradually melting down its channel 
as the water fell in the lake. In this way 330,000,000 cubic 
feet of water were carried off in tiiree days without damage, when 
the dike gave way, and in half an hour 530,000,000 cubic feet of 
water swept down, running the first thirteen miles in thirty-five 
minutes, and bearing down 400 houses, with trees, rocks, and 
earth. Had it not been for the enterprise of the engineer, three 
times the amount of water might have accumulated before burst- 
ing through the dike. 

Similar to this was the eruption of Long Pond,inGrlover, Ver- 
mont. A barrier of fine sand separated this pond from the val- 
ley, which extended 20 miles to Lake Memphremagog. Some* 
persons having made, for amusement, a snaall channel through 

Describe the effects of the bursting of lakes. 
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the sand barrier, the running water in a few minutes excavated 
the channel deep euDugh entirely to empty the pond. The water 
rushed into Barton River, the channel of which was much en- 
larged by the violent inundation, and great numbers of trees were 
carried down the stream. 

IV. Springs. — Springs act chiefly by taking up mineral mattei 
at various depths, and afterward depositing it on the surface of 
the ground. The deposits of greatest magnitude are calcareous 
or silicious. We have already remarked that water which con- 
tains carbonic acid has the property of dissolving limestone. 
Now the quantity of this gas which water is capable of containing 
depends upon pressure. Under the pressure of the atmosphere 
it may contain its own volume ; , if the pressure be doubled, it 
will take up double its volume, and so on, and to any additional 
anaount in proportion to the pressure. Consequently, at some 
distance beneath the surface of the earth, springs may, and espe 
cially in limestone countries do, contain a great amount of this gas 
Hence the subterranean passage of such water through fissures 
in limestone enlarges those fissures, so that in many cases rivers 
of considerable size, as in Jamaica (West Indies), after flowing 
on the surface for many miles, are lost in limestone chasms and 
flow under ground. Caverns of greater or less size are formed 
by the same agency, for caves of any considerable extent are al 
most invariably in limestone districts. 

The water, if overcharged with gas and limestone, that is, con 
taining more than the mere pressure of the air will permit, must 
deposit the excess of limestone when it issues either into an open 
cavern or upon the surface of the ground. When it drops from 
the roof of a cavern, stalactites are formed, like icicles pendent 
from the roof, and masses of stalagmite on its floor, and some- 
times these meet, forming a column, which is continuous from 
the floor to the roof of the cavern. Sometimes these masses, es- 
pecially the stalactites, are of a beautiful crystalline structure ; 
the stalagmite is more frequently in thin concentric but irregular 
layers, a result of the mode of its deposition. Masses of the latter 



Describe the action of springs ; the formation of stalactvv 
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have been seen rising up, like altara, 10 or 12 feet bigh, and 15 
feet in diameter. Slabs of beautiful calcareous alabaster are (ob- 
tained from such stalagmite. 

The most extensive deposits of this kind are formed where 
the springs issue on the surface of the ground. At San Filippo, 
in Italy, the springs have deposited a mass of limestone 250 feet 
hick, and a mile and a quarter in length. These springs have 
been known to deposit a solid mass 30 feet thick in 20 years. 
The High Rock at Saratoga, N. Y., is a calcareous deposit from 
tne spring in its center. The geologist is familiar with numerous 
cases like this. Frequently the calcareous deposits of springs 
are more or less filled with in-egular pores, and the mass is then 
called ttifa. Plants, and any other bodies lying in the water of 
i3uch springs, are liable to be coated with the deposit, and such 
cases of mere incrustation are sometimes confounded with petri- 
faction, which is an entirely different process. 

Deposits of silicious matter, often called silicioits sinter, are 
the product of hot springs. If water contains an alkali, as soda, 
it is capable, especially at a high tempei-ature, of dissolving silex, 
which is deposited when the spring comes to the surface. The 
basin of the Great Geyser, in Iceland, has been formed in this 
manner. Silicious incrustations are formed on plants in the same 
manner as the calcareous incrustations above mentioned. Such 
deposits are less numerous and extensive than those which are 
calcareous, but are of much interest, as showing us how water 
may dissolve rocks of flint. 

V. Landslides, — Landslides frequently occur on mountains, es- 
pecially in times of freshets, and sometimes fill up the coui*se of 
streams and occasion floods. Hills of clay are. peculiarly liable 
to slides, which produce contortions in the flexible strata. Ava- 
lanches of snow and ice concur in violently removing rocks and 
earth from the steep sides of mountains into valleys beneath. 
The pressure of water in fissures, the undermining process of 
water passing through soft strata, the action of springs, convert- 
Mention examples. What is silicious sinter? Describe the Great Geysef 
What 1b in&i of landslides ? of their origin T 
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ing sand into quicksand, the eroding power of streams and tor- 
rents, undermining large masses, which, being soflened by the 
water, slide down into th^ valleys. 

Two landslips occurred in Troy, N. Y., in 1836 and 1837, 
which appear to have resulted from the action of springs of water 
in fissures of clay beds. The beds of clay and gravel were 227 
feet high. A spring of water was obstructed, and filled up a fis- 
sure, and, by its pressure, forced off a large mass of clay and 
earth, the weight of which was estimated to be 200,000 tons, 
which slid down the declivity, carrying every thing before it, to 
the second street of the city, a distance of 200 yards. The 
slide was accompanied by torrents of mud and water. Several 
buildings were buried in the ruins, and some persons lost their 
lives. 

A few years since, a tract of land at Champlain, Lower Can- 
ada, consisting of 207 acres, resting on*^ steep slope, suddenly 
slid down 360 yards into the Champlain River, and dal^^med it 
up for three fourths of a mile. The slide produced a loud, rum- 
bling noise, and filled the air with a dense, suffocating vapor. 
One individual was buried to his neck in the moving mass, but 
finally escaped without injury. 

In 1826, a similar slide took place near the notch in the White 
Mountains, and destroyed a whole family. 

VI. Glaciers. — The history o£ glaciers has, within a few years, 
excited much interest, not only on account of their remarkable 
effects and mode of action, but of their applicability on a grand 
scale to the explanation of the phenomena of drift. 

1. Origin of Glaciers, — Under the equator, a perpendicular as- 
cent of three miles bnngs us to regions where the temperature 
of the air is below the freezing point, and as we approach the 
poles this point is reached at a much less elevation, until, in the 
latitude of 65° or 70°, the soil is frozen most of the year. In 
most countries there are mountains whose tops extend far above 
this line of perpetual congelation. Their tops, therefore, become 
the repositories of eternal frosts and snows. When we ascend 
Buch mountains under the equator, we pass through all the cli- 
mates of the globe, torrid, temperate, and frigid. In temperate 
climates there will be a broad belt where the snows and ice will 

Mention examples. How do glaciers originate ? 
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be extended down a considerable diatance during tfae winter, and 
retreat much higher up during the summer. 

Glaciers and mers de glace {seas of ice) originate in snow 
which has been partially melted and then frozen. The lower 
part, by the percolation of water, is converted into solid ice. 
The upper part is more granular. Increasing by annual layers 
of enow, the glacier is stratified. 




In the higher regions of the Alps there are extensive table- 
lands, which are covered with thick masses of ice, through which 
the sharp mountain peaks lise to a yet greater height. These 
icy plains are called tneri tie glace. The giaciei-s extend down 
the valleys, until they arrive at a region whei-o the heat aiTesta 
iheir jirogross. In some parts of the Alps, this limit ia met at an 
elevation of 7000 feet. But some of the glaciers extend down 
to an elevation of 3000 feet. Their thickness is very unequal, in 
some places being 600 or SOO feet, while the average is more fre- 
Some are ten to fifteen miles long, with 
miles. The upper surface is extremely 
eved with needle-shaped masses, Fia 
!t wide are common, having been pro- 



quently 100 to 200 feet, 
a breadth of two or thre 
uneven, and is often c( 
lures from 20 to 100 f 
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iluced by the contraction of extreme cold in the winter, and en- 
larged by the melting of the sides in the summer. The slope of 
glaciera is usually moderate. That of Aar descends 3000 feet 
in fifteen miles. 

2. The rate of motion in glaciera is very slow. Prufessoi 
Hughes, in 1824, built a house on the glacier of the Arvre, which 
during fifteen years descended at an average rate of eight inrJiea 
in twenty-four hours. 

Several causes co-operate to effect the motion of glaciere. 
Gravity and the forms of the valleys determine their downward 
route. Water, freezing in the pores and fissures of the mass, 
expands with an irreaiBtible force, which is directed by the sides 
of ibe valley downward. But the mass is not a perfectly rigid 
solid ; it is flexible, and susceptible of motion like an extremely 
viadd fluid. It therefore yields to the pressure from above of 
gravity and expansion, and descends, in some seasous, several 
mileB down the valley, destroying every object in its way. 




The retreat of a glacier consiste merely in the melting of the 
lower extremity, which varies according to the warmth of the 
Bumment. A litoral reiroj^rade motion la im'piisKiViXe, 
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3 Effect* of Glacien. — In their progress glaciers crowd along 
all tlie movable materials. The accumulations in front have the 
form of rounded hills, and are called terminal moraines. The 
accumulations along the sides are long ridges, and are called 
lateral monunes. Wheu glaciers descend from two conver^ng 
valleys into one, they unite, and the union of the adjacent sides 
forms a mediat moraine, which extends down the valley in the 
middle of the double glacier. Fig. 6 sbows two moraines which 
unite in one. Large isolated fragments of rocks are often seen 
on pedestals of ice (as in Fig. 8), that have been protected by 
these rocks from the melting and evaporation which have re- 
moved the general surface. The small stones conduct the di- 
urnal heat through them, so tbat the icy pedestals are not formed 
beneath them. On the contrary, the melting and evaporation of 
the surface expose other stones, which are washed away by tor- 
retUs of water that descend upon the glacier from the neighbor^ 
ing hills. 

Generally the under sur- 
foce is thickly studded with 
angular rocks, pebbles and 
coarse sand. These projec- 
ting fragments, being press- 
ed down bythe great weight 
of the ice on the rocks over 
which the glacier proceeds, 
make grooves and scratch r/^ 
OS, while the finer raatenals r^~ 
smooth or finely striate the 
surface. As the glacier re- 
tires or advances, new stn» 
are formed, which slightly 
vary in direction, although 
each set are perfectly par 
^lel to each other. This 
is due to the fact that the 
materials are firmly frozen into the ice. Fig. 9 represents a por- 

What are moraines, and how are they prodaced J What is the appBamnoo 
of ths iuriace 1 Why do largo rocks stand on pedestals of ice t Why do not 
matlMoaeaalsnT 
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tion of a rock striated by the Alpine glaniers. Sometimes a stone 
goia loose and makes in the rock an oblique furrow of unequal 
depth. The loose materials are crushed, rounded, and ground 
over the surface, until moat of them are reduced to sand and fine 
mud. At the termination of the glacier there ore conical hills, 
which, as the glacier advances during some seasons further than at 
others, aio crowded upon each otber, and present an appearance 
which resembles the rounded hilb along the margin of the river 
valleys, far from any existing glacial agency. The rocka on the 
sides of the glacier are striated and embossed in a similar man- 
ner with those at the bottom, while those portions of the mount- 
ain which are above its influence present a rough and ragged 
appeamncc. This eflect is seen in the following figure. Em- 




bossed and striated rocks occur over a large portion of the north 
em hemisphere as the result of glacial action during a former 
period of the earth's history. 

In colder countries glaciers descend to lower levels. " In 
Chili, which has the same latitude as the Alps in Switzerland, 
we have glaciers descending to the sea; hut at the Alps they 
,:n]y descend vi-ithin 3000 feet of the sea level, and this, too, al- 
though the Andes are only 7000 feet high, half the height of the 

What effoclB are wrought on tha rocka at tho bottom and ridea of the gW 
ciwl WhiTo do gtBciera doBceod to the «8bT 
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A.lps in the same latitude. The reason of this singular phenom- 
«n3n is that to which I have alluded, that the summer heat is 
less intense in the Alps. In Europe we have to go to latitude 
67 degrees before we find a single glacier reaching to the sea. 
But in the southern hemisphere, in latitude 46 degrees, in Chili, 
we find this occurring twenty-one degrees nearer the equator ; 
BO that there is here an actual generation of icebergs in a region 
which is almost the limit to where the floating icebergs reach.'* — 
Ltyell, In all latitudes, an open sea terminates glaciers, by melt- 
ing and breaking off the parts which reach the water. 

It will be noticed that large quantities of matter are carried 
down by glaciers from higher to lower levels. Large blocks of 
stone are borne along in the glacier, and large hills are formed 
at its termination. The hills are mostly very finely-pulverized 
rock. Much of this is taken up by the streams of water and car- 
ried onward toward the ocean. It is difficult to estimate the 
quantity of matter thus transported by glaciers ; but when we 
consider the great extent of surface acted upon not only in the 
Alps and Andes, but in all high northern and southern latitudes, 
we must regard them as highly important agents in modifying 
the surface of the earth. 

VII. Avalanches, — Avalanches are masses of ice and snow, 
which are precipitated down the steep declivities of mountains. 
In Switzerland avalanches are very frequently precipitated into ^ 
the valleys. In Chili avalanches of ice fall into the sea, and float 
off as icebergs. 

SECTION n.— MARINE AGENCIES. 

The materials which are borne along by nvers, if not deposit- 
ed along their course, are consequently carried into lakes, seas, 
and oceans, and distributed in sedimentary strata over their beds. 
We are now to glance at the agencies which regulate and mod- 
ify this distribution. In lakes, especially those of small extent, 
the modifying agencies are slight, and the strata will ordinarily 

What general effects are produced by glaciers? What are avalanches T 
What becomea of the materials borne down by rivers 7 
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constitute basin-sbaped deposits. But in oceans and seas there 
aro several powerful causes which are of great interest not only 
on account of the effects which they are actually producing, but 
because the effects are examples of agencies which have in for* 
mor epochs acted in a similar manner to form a large portion of 
the present surface of continents. They are icebergs, waves, 
tides, and currents. 

1. Agency of Icebergs, — Icebergs are masses of fresh- water ice, 
which are seen floating on the ocean or stranded on shoals both 
in the northern and southern hemispheres, and with few excep- 
tions in latitudes al>ovo 40^. 

1. OngtH. — In their origin, icebergs are glaciers formed in the 
higher latitudes along the coasts and in the bays, in the same 
manner in which glaciers are formed in the Alps. The new Ant- 
arctic continent, which was discovered in 66^ south latitude, by 
the American exploring expedition, was found to be bounded con- 
tinuously by icy cliffs from one hundred and fifty to two hundred 
feet in height, without any appearance of rocks. ** No break in 
this icy barrier where a foot could be set on the rocks was ob- 
son-able from aloft.** A long range of icebergs was seen strand- 
ed in the sea, where bottom could not be reached with a line of 
nine hundred feet. The margin of the icy barrier was only hero 
and there pierced by deep bays, but otherwise was quite uniform, 
A few floating icebergs were seen with rocks and earth on them, 
on one of which a landing was effected and some geological spec- 
imens were obtained. One rock was five or six feet in diameter. 
On the iceberg was a pond of fresh water of an acre in extent. 
Captain Wilkes describes the icebergs which were seen near 
their source as distinctly stratified, resulting from successive de- 
posits of snow, which were supposed to fall to the amount of 
thirty feet per year. By occasional thaws they became more 
compact, aided not a little by the fogs, which on one occasion 
formed one fourth of an inch of ice on the rigging in a few hours. 

The Astrolabe (of a French expedition) " skirted for sixty 

What are icebergs, and where do they occur ? How do they orijdnatA T 
Give examples near the Antarctic continent. 
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miles a perfectly vertical wall of ice, elevated one hundred and 
twenty to one hundred and thirty feet above "the waves. The 
surface of the ice was perfectly level. Here we have the source 
of the enormous level icebergs.*' — Hayes, 

In other cases, especially in latitudes where the sun has suffi- 
cient power in summer to melt most of the snow, icebergs are 
formed chiefly in narrow valleys at the head of inlets of the sea, 
where the snow is sheltered from the low summer's sun, and the 
Mater flows down on it from the neighboring hills. Thus in 
SDuth Georgia are formed perpendicular or overhanging cliffs of 
ice several hundred feet high. 

In Sandwich Land, an intelligent navigator observed that " the 
ice made from the tops of the highest hills down into the sea. 
In one place in particular, the sea had washed in under the ice 
as far as we could see, and this huge body of ice, four or five 
hundred feet in height on its face, and a mile or two in length, 
hung, not touching the beach by four or five feet, except at the 
sides of the mountains where it formed. The face next the sea 
was nearly perpendicular. * * * In Greenland the long narrow 
bays or fiords, like broad rivers, run far up amid the lofty mount- 
ains or table-lands of the interior. The vast plains of the inte 
rior abut upon these fiords ; hence the greater number are closed 
by a glacier, close to which the water has a depth of several hund- 
red fathoms. Several of the inlets are now completely filled up, 
and at others the ice projects far out into the waves, forming a 
considerable promontory." — Hayes. 

In the eastern part of Iceland is a region of 3000 square miles 
almost entirely covered with vast mountains of ice. 

Undermined by the waves and niptured by the frost, immense 
masses are occasionally detached into the sea, producing by their 
fall enormous waves, which loosen other masses, and urge on ice- 
bergs which have stranded. The noise made by the fall of the 
enormous masses of ice is compared to thunder, and by the first 
settlers on the Shetland Isles was mistaken for earthquakes 
Most of the falling masses, however, are comparatively small frag- 
ments, and no one has seen the detachment of the larger ice isl- 
ands. These are several miles in extent ; navigators frequentl^f 
mention them as being fi*om five to ten miles in length. Th* 

What effect have waves upon ice near the sh I'e ? Wh:tt are ice islands T 



F^vndi flxploring expedition, above mentioned, meuured serera] 
nhich wero a mile in brcadtk ; and one was 13 miles long, with 
rertical walls 100 foot high. It muat, therefore, have been 600 
or SOO foot thick* Another, seen by the aamo expedition, was 
825 feet high, which would give a depth bolow the surface of 
1800 to 1800 feet. Capt. Ross saw several aground in Baffin'! 
Bay, in water which was 1500 feet deep. 
Fig.n. 




2. Motion. — The motions of icebergs are of great importance, 
not Toerely for the effects produced at the present time, but for 
their bearing on the tlieories of the drift deposits. The most 
ordinary motion is a uniform slow progress from higher to warm- 
er latitudes, irrespective of wind and waves. This motion is the 

* Icoflonla with ono njnlli nf its bulk abovotbo sur&ce. Making alluwnuce 
flir niiy want of compaclnesa, and especially for a greater breadth uf the hu^e, 
the i1e[ith of nil iceberg mav bo rockoDod at botneen fivo aiid eight Iimea Iho 
lieii;1it. 

WbatieBa[d ofibo tliicknesB of iceberga T of ibdr inotioaT 
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effect of those under currents with which their enoiTnous depth 
in the water brings them in contact. Immense numbers of them 
are from this cause often seen to the east of Newfoundland. Float- 
ing from the north, they at length, in latitude 43°, come into the 
warm Gulf Stream, which there has an eastern course. Urged 
on by the cuiTent beneath, they float across the Gulf Stream, and 
usually disappear before they reach its southern side in latitude 
36°. Some of them get aground on the Grand Banks before they 
reach the Gulf Stream. 

One of the most extraordinary examples of size and motion 
was an iceberg seen by the British steamer, the Acadia, on the 
16th of May, 1842, among a hundred others, and which was 400 
to 500 feet high, and consequently about 3000 feet deep in the 
water. It must, therefore, have nearly equaled, from the base 
to the summit, the highest peaks of the Green Mountains. Hav- 
ing a remarkable resemblance to St. Paul*s Cathedral in London, 
it was named St. Paul's. But the most extraordinaiy part of the 
narrative is, that " on the 6th of June the same object was seen, 
and the immediate exclamation on board was, there is our old 
fi-iend St. Paul's. In the interim between the two views, the 
iceberg had drifted about 70 miles.*' This slow motion, 70 
miles in twenty-one days, is worthy of notice. The maximum 
force of the polar current off Newfoundland is two miles per 
hour, and, although liable to be retarded, it can hardly be sup- 
posed to be reduced to one seventh of a mile per hour for 21 
days. It is not improbable that this enormous iceberg was re 
tarded by plowing the bottom of the sea in some parts of its 
course. 

In the southern hemisphere, currents from the polar regions, 
in the same manner, float the icebergs into warmer latitudes, oc- 
casionally as far as the latitude of the Cape of Good Hope. 

In their progress into regions of less intense cold, the structure 
of icebergs changes ; the sti'atification disappears, and the. whole 
becomes a compact mass of translucent blue ice, and the surface 
presents all conceivable forms, which the imagination easily con- 
verts into a city with its spires, domes, and battlements. 

Another motion is that of a violent heaving and rolling of the 
mass when agi'ound. Captain Couthuoy, in August, 1827, saw 
one stranded on the Grand Bank in about 500 feet of water 
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aroond which, to the distance of one fourth of a mile, the water 
was full of mud, stirred up by the violent rolling of the mass. 

Icebergs floating into warmer water, and melting more rapid- 
ly on some parts than others, sometimes change their center of 
gravity, and the enormous mass is seen to topple over, producing 
great commotion in the water. 

3. Dissolution. — The dissolution of icebergs is sometimes effect- 
ed by a violent explosion, rending the whole into fragments, which 
soon disappear. Several cases of this kind are recorded, and are 
supposed to be owing to the expansion of bodies of air confined 
within the ice at a temperature much below the fi-eezing point, 
and when the temperature of the ice rises up to this point, the air 
must expand and the ice explode. But the ordinary process is 
that of melting in warmer waters. 

4. Effects, — It b obvious that the foreign materials, rocks and 
earth, which may be borne along with them, will be dropped in 
their path on the bed of the ocean. It is, however, rarely that 
icebergs at a great distance from their original source are seen 
ihus loaded. The one above mentioned, as seen by Captain 
(^outbuoy, was thus loaded, and a few other cases are recorded. 
Jiut they are rare, and many navigators have seen thousands of 
icebergs no one of which bore along any foreign materials. On 
the other hand, such materials have often been seen on them be- 
fore and soon after they were detached. In many cases, a mass 
of rocks and earth may be a nucleus around which the ice has 
accumulated ; yet, since these materials must rest on some base, 
thoy can not occupy the interior of the ice, and therefore are lost 
soon after the icebergs are detached. Any matenals which ad- 
here to their sides will be dropped near their source. 

Icebergs often are stranded, and, being urged along by the force 
of currents, or turned about by the action of waves, produce im- 
portant effects on the bottom of the sea. 

II. Waves, 1. Size, — In consequence of the indefinite and 
imaginative descriptions which ar» common of waves running 
*• mcmntains high/* tlmsc who are not familiar with the open 

In what manner <lo icebergs tVssolve? What are the effects of icebergs? 
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ocean seldom have correct conceptions of them. These *^ mounts 
ains" rarely exceed thirty feet in height, although they have 
heen observed in the North Atlantic with a height of forty-five 
feet. In one example of v\raves on a scale of unusual magnitude, 
the height of their summits v^as, for the most part, not over thir- 
ty feet above the bottom of the depressions,, and the highest did 
not exceed thirty-five feet. Although they were suddenly raised 
by a storm, -which had been immediately preceded by another at 
right angles, in the Gulf Stream, and were, of course, unusually 
short and narrow, the height was less than one tenth of the width. 
Enormous as are these masses, which may be half a mile or more 
in length, the sublimity of such a scene depends more on their 
motion than on their* magnitude. 

2. The motion of waves, which, as is well known, is a motion 
of the form and not of the substance, is often thirty miles per 
hour, rapidly rolling past the fleetest ships. 

But since the motion is not in the substance of the water, this 
agency extends but to a moderate depth, and geological effects 
are produced only when waves are diiven on shoals and coasts. 
Here, on account of the resistance of the bottom, they roll up with 
a front more and more steep until it becomes peipendicular, and 
at length fall over and break with enormous force, dashing up 
the sides of rocky cliffs, or rushing far up the shore in a sheet of 
foam. 

3. Effects, — One of the most common effects is the weanng of 
loose stones, originally rough and angular, into smooth oval peb- 
bles. On a sloping i§hore the loose stones are exposed to con- 
tinual fi-iction by rolling up and down, and usually the hardest 
stones are the most perfectly rounded. Where the rocks consist 
of limestone with a small proportion of flint, the pebbles of flint 
are more numerous than those of the limestone, most of the latter 
having been worn out by continual friction. The form of peb- 
bles depends somewhat on the structure of the rock. Slates fiir- 
oish small much-flattened oval forms, producing a mass of gravel 

What is the size of waves 7 What kind of motion have tbey 1 Mention the 
eiiects of waves on loose stones. 
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or sliingle. Some steep shores of hard rocks are coverea deeply 
with large and well-rounded pebbles, such as are used for paving 
stones. Storms sometimes pile up at the head of sandy beaches, 
out of the reach of ordinary tides, enormous ridges of pebbles. 
An example may be seen near Boston, at Chelsea beach, between 
which and the marshes within is a ridge consisting mostly of }X)r- 
phyry pebbles four rods wide, ten to fifteen feet high, and two 
miles long. Stones of several tons' weight are also moved in 
storms by the force of the waves, and a coast is modified so as to 
be recognized only in its outline, the minute details of the shore 
being entirely changed. 

On coasts which are fringed with cliSa of loose materials, the 
waves undermine the clifis until fragments fall down an easy prey 
to the next storm. If the ciiSa are composed of the drift de- 
posits, the finer materials are washed away, while the shore at its 
base is covered with large bowlders. But if the cliflfe are of solid 
rock, they will oppose a more effectual resistance. Yet solid rock 
is not impregnable, for the waves, taking up loose fragments, use 
them like battering rams to undermine the base of the cliff, while 
the agency of frost above aids in the work. If the clifl& be of 
limestone of unequal hardness from the intermixture of silex, pe- 
culiar and remarkable effects are produced. The silicious frag- 
ments furnish nearly indestructible pebbles, which wear out cav- 
ities, and even large caverns are found in such rocks above the 
present sea level. Smooth concave surfaces within them attest 
the agency by which they were formed. 

Examples of this agency are to be found wherever high lands 
are in contact with the ocean. The numerous indentations of 
coasts are mainly due to waves and currents. The following cut. 
Fig. 12, shows the undermining action of the waves at Nahant. 

At this place, and along the islands of Boston harbor, we see the 
harder rocks wearing away very slowly, while the softer rocks 
and loose materials are rapidly eroded, so as to render sea walls 

Doscribe the action of waves on loose stones ; on clifis of loose materials ; 
on clifis of solid rock; on rocks of onequal hardness. Give examples of the 
tstkm of waves at Nahant 





aecessary for the protection of the harbor. During the drift pe- 
riod, this harbor was probahlif filled np with loose materials, and 
it has been re-excavated by the joint action of waves and tides. 

Remarkable examples of the agency of waves, aided more or 
less by currents, occur along the shores of Long Island, parts of 
which have had a much greater extent since the commencemenl 
of the historical period. Rocks which were once covered with 
Boil are now naked, and are washed hy the waves. The coast 
from Montauk Point to Nepeague beach, a distance of ten miles, 
in rapidly wearing away. 

At Cape May (Del.), the sea ie wearing away the land, in some 
places, at the average rate of nine feet per annum. During three 
years, Sullivan's Island (S. C.) has been worn away one quarter 
of a mile. Much of the eastern coaat of England is rapidly crum- 
bling away, and many towns are known only in history, their sites 
now forming a part of the German Ocean, In the harbor of Sher- 
ringham there was, ten years since, depth sufficient to float a 
frigate, where, forty-eight years before, there was a cliff fifty feel 

Give examplM of Iha acHon of wavea at Long iBland; at Cape May and 
SalliTBu'i Island ; in England, 



44 EFFECTS OF TTAVES 

high with houses on it. Some If ^ 

of the Shetland Isles have been 

entirely destroyed by the action 

of the Bea ; others are now un 

dergoingthe proceas of destruc 

tion, and appear like fleets of ves 

sbIh. The rocks are granite, and 

the accompanying example, Fig , 

13, taken &om the southern part ^ 

of Hills wicknesa, Shetland, givee 

a good idea of their appearance 

By the erosive power of waves 
broad chanQels are excavated In the tl rtcenth ctntury, a chan- 
nel was worn through an istbm ts n the norti om part of Holland, 
cutting off" the island of Wienngen from the ma n land. The 
channel is now 13 miles wide. It is also highly probable ihat 
the English Channel was produced by the same erosive power. 

WaVBH in lakes sometimes exert an undermining power upon 
rocks, especially where their Btnicture is jointed so as to espose 
them to atmospheric agencies, as in the following example of the 
cliffs of Cayuga Lake, N. Y. 

Fig. It. 





cum or OATDaA lui, h. r. 

The action of waves and currents, however, does not always 

carry tlie abraded materiab out to aea. In some cases it merely 



ori,bywa 



of waves OQ the Shetkndlales. What exnin pies 
or undermiaing action of wsTeaiii lakest 
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transports them coastward, and forms sboals^flats, and sand-bars. 
In other cases, the matter discharged by the rivers and that which 
is worn down by the waves is thrown back upon the shores, and, 
when it is fine sand, gives rise to what are termed dunes or downs. 
These are formed by the action of the wind upon the sand, blow- 
ing it inward, and oflen destroying the feitility of extensive tracts 
of country. 

III. Oceanic Currents. — By oceanic currents the sea is power- 
fully aided in making extensive depredations on some shores and 
in building up others. 

The materials which are brought down by rivers and removed 
from the shore by waves are not then left to subside at once to 
the bottom of the sea. Oceanic currents, some perpetual and 
fixed in their course, and others intermittent and variable, bear 
the finer sediment into the deeper part of the ocean. The most 
remarkable current is the Gulf Stream, which flovrs past the east- 
em coast of South America, bearing the sediment of the Amazon 
to the north, and forming vast districts of lowland between that 
river and the Oronoco; then spreading through the Caribbean 
Sea, it enters the Gulf of Mexico, where, being pent up, it rushes 
through the Straits of Florida with a velocity of four miles per 
hour, diminishing to three miles off Cape Hatteras, whence it 
takes a northeasterly course to the Banks of Newfoundland. 
There it is met by another current from Baffin's Bay, and deflect- 
ed toward Iceland, Spitzbergen, and the northern parts of Scot- 
land. In this great river of the ocean there flow about 90,000,000 
cubic feet of water per minute, or 2500 times the amount dis- 
charged by the Mississippi. The polar cuirent from Baffin's Bay 
is divided on meeting with the Gulf Stream, one portion being 
supposed to run under the latter to the south, and the other to 
flow on the surface between the Gulf Stream and the coast of 
North America. Another current of great size flows from the 
Antarctic Ocean along the western coast of South America. 

What are the efiects -when the materials are transported coastwise ? What 
are downs ? What are the efiects of currents on the shores ? on the finer sedi- 
ment ? Describe the Galf Stream. What is said of other currents ( 
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That Arctic oi Antarctic currents flow beneath the surface into 
the equatorial regions of the Atlantic is proved by the tempera- 
ture of the Caribbean Sea, which on the surface is 80°, but at 
the depth of 240 fathoms is 48°, only 1° warmer than at a corre- 
sponding depth within some parts of the Arctic circle. One of 
the under currents has been found at the equator 200 miles broad 
and 23° colder than the surface water. 

These great currents are influenced to some extent by long 
storms and prevailing winds, and other less and local currents aro 
entirely remodeled by storms. 

SECTION m.— GENERAL RESULTS OF AQUEOUS AGENCIES. ' - 

I. Degradation. — The general tendency of the aqueous agen- 
cies, with the comparatively unimportant exception of springs, 
thus appears to be the removal of soluble and movable materialfl 
to lower levels. These levels are formed first at the base of preci- 
pices and in the river valleys. 

At the base of hills or cliffs there is produced a taltis of large 
angular blocks, a. Fig. 15. These are further acted upon and 
broken up, as at b, c, d, until the rains or tides remove the finer 
portions in the form of mud. If these broken materials are pre- 

Fig. 15. ^ " F^.16, 





cipitated into streams of water, the finer and coarser materials 
are separated and arranged in successive beds, Fig, 16, a, b, c, d, 
A portion of the finer materials which the rivers transport is 
deposited along their banks and at their mouths. To show how 
the mud is deposited by rivers, let a a, Fig, 17, be a low valley, 
and b a stream of water over- ^. ^^ 

flowing its banks : the mud ^ # 

will be deposited over the *" - - 

space a a in horizontal lay- 
ers. In the progress of time 

How are currents modified ? What is the general tendency of aqneoQ* 
■Ji^^eucies f Describe the drposits at the base of clifis and in valles s. 
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the bed of the river will be elevated, as at h, Fig. 18, and finally 

j^ jg^ the whole valley will be filled 

/ with sediment, or dotted with 
I ^ jM po^^s and marshes at a little 

distance from the raised banks 
of the stream. 

In consequence, however, of the shifting of river channel the 
only permanent resting-places for the sediment are in lakeu ano 
the ocean. 

II. Sait Lakes, — ^In those lakes which have no outlet, th'-re i; 
also a large accumulation of soluble materials. Such are the 
Salt Lakes in Asia and in Upper California. Since only an ex- 
tremely minute proportion of salt is universally diffused, the quan- 
tity in rivers is not usually appreciable. But the perpetual sup- 
ply and the perpetual concentration by evaporation in the lakes 
tend to its accumulation. In this way beds of salt are now in 
the process of formation. 

The ocean, also, is but a great lake without an outlet, continu- 
ally receiving the discharge of rivers, and accumulating the salt 
by evaporation. A minute quantity of salt is returned to the 
land by evaporation, but this is probably less than is carried off 
by rivers. Complete restoration is effected only when the bed 
of the ocean becomes dry land. 

III. Basin-shaped Deposits, — The deposits in lakes, bays, and 
harbors are more or less basin-shaped.. The sediment is in lay- 
ers, which conform to the general surface of the bottom. 

IV. Formations of Marine Origin. — By the action of waves, 
tides, and currents, a large portion of the materials which are 
brought down by rivers is removed to the open ocean, where it 
is wash<ed up to form new shores and islands, or distributed in 
vast sheets over its bed. 

So numerous and extensive are the agents of this general dis- 
tribution, that the ocean may be regarded not as a great lake, 
but as a mass of broad rivers which skirt the continents, the va- 



Where is the final resting-place of sediment ? Whftt is said of salt lakes 1 
of the origin of salt in the ocean 7 of basin bhaped deposits 7 of marine formii' 
tioiisf 
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rying size and complexity of divided, deflected, upper and under 
currents, present to the geologist a vast and intricate problem, 
whose details are yet to be solved. If the fine sediment which 
comes within the influence of these currents subsides at the rate 
of one foot per hour, it will be carried hundreds or thousands of 
miles, and in many cases by upper and under currents in diflerent 
directions, before it will repose on the bed of the ocean. There 
it will form strata which are destined to be the slate rocks of the 
present geological epoch. Off* the coast of the Southern States, 
extensive shoals and long low islands occur, which are sepai*ated 
from the main land by large bodies of water, and which are prob- 
ably the products of oceanic currents. Long Island once con- 
stituted several islands, which have been united into one by the 
action of tides, currents, and waves. Off* Massachusetts Bay, far 
out in the deep sea, but west of the Gulf Stream, are dangerous 
shoals, which have probably been formed by currents. 

Oceanic cun*ents not only distribute the sediment which is me 
chanically suspended, but they also aid the waves and tides in 
mingling throughout the ocean, with great uniformity, its saline 
ingredients, whether they are dissolved primarily by its own wa- 
tera or by rivers. 

A vast quantity of organic bodies, as we shall hereafl»r show, is 

^enveloped in these deposits of lakes and the ocean. Shell-fish and 

many other aquatic animals live and die in them. Multitudes of 

terrestrial animals and plants are carried down by rivers into lakes 

and the ocean, and are distributed in the strata of mud and sand. 

By the powers of cohesion and affinity, which are aided by the 
pressure of superincumbent waters, and in some regions by ig- 
neous agencies, these' layers of sediment are consolidated. Should 
the sea and land change places, these new strata would constitute 
a formation of stratified rocks, resembling those of the present 
continents, but, unlike those of former geological epochs, they 
would contain abundantly the relics of man. 

What is the effect of currents on the distribution of the saline ingredient! 
oi the ocean 1 How are organic bodies entombed ? How is the sediment 
^lon^olidated 7 How may a new formation appear 7 
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CHAPTER II. 

IGNEOUS A6ENCIBS. 

We have seen that water is continually corroding the conti- 
nents and transporting them to the ocean. Its tendency is to 
level down all inequalities on the earth's surfacp. Heat, on the 
contrary, exerts its power in an opposite direction. It tends to 
elevate, to throw into ridges, and to produce irregularities of the 
surface. By these opposing forces the general equilibrium of 
sea and land is preserved. 

The crust of the earth has been more or less subjected to the 
action of heat both from internal and from external sources. The 
former are the origin of volcanic action, using the term in its wider 
signification, as comprising the kindred phenomena of volcanoee^ 
earthquakes, and thermal springs. 

A volcano is an opening in the earth, out of which ashes, stones, 
and melted lava are ejected. Around the opening which is called 
the crater, a mountain usually rises in the form of a truncated 
cone. 

Extinct volcanoes are those which have not erupted since the 
commencement of the historical period ; and since they therefore 
oelong to the history of antecedent epochs, the consideration of 
them is reserved for another place. 

Active volcanoes are those which have been known to erupt 
since the existence of man. A very few of these are in constant 
action, as Stromboli and Rilauea, but the greater part are inter^ 
mittent, with intervals of action varying from a few months to 
many centuries. 

Earthquakes are intimately connected with volcanoes, proceed- 
ing from the same general cause, and are frequently followed by 

What is the tabject of chapter ii. ? What is the general tendency of heat 
In the earth f What is volcanic action 7 What is a volcano f What are ex 

tinct volcanoes T active volcanoes ? earthquakes? 

c 
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•B ^nipii«»ii» by which these convulsive throes of the earth are re- 
kieveJ. 

TJkermal springs belong ta th^ same class of phenomena, de ~ 
riviDg their temperature from past or -present volcanic fires, with 
which they are always associated. . 

The facts relating to earthquakes, to thermal springs, and to 
volcanoes, may be classified, as they are subaerial, submarine, or 
smhterratuam. The subaerial phenomena are those which occur 
on or near the surtace of the dry land ; the submarine occur in 
the waters of^e ocean ; by the subterranean, we mean the deep- 
seated iutemal igneous action. 

SECTION L— SUBAEBLU. IGNEOUS AGENCY. 

I. Voii:aftoes. — There are about 300 volcanoes, of which one 
third belong to America, one third to Oceanica, and the remain- 
ing third to £ur«pe, Asia, and Afirica. 

1. Entptioms, — Usually the first symptoms of an eruption are 
heard in nunUiBg sounds, which seem to travel along for a great- 
er or less distance in the depths of the earth ; they are seen in 
the increased volumes of smoke which arise from the crater, and 
are felt in tremulous motions of the earth, which assume the vio- 
lence of earthquakes, and bring in their train the horrors thai 
usually accompany these convulsions. Sulphurous and muriatic 
vapors fill the air, while electric agencies display their vivid cor- 
uscations, accompanied with heavy peals of thunder. Unusual 
signs of fright are manifested by the brute creation. Showers 
of stones and cinders fall, sometimes in immense profusion, and 
the convulsions of the earth become more violent. Masses of 
rock are ejected from the crater with tremendous explosions, un- 
til at length the earthquakes cease, and the imprisoned gases and 
lava find vent through the crater and sometimes through the sides 
of the volcanic mountain. A river of molten rock streams down 
and spreads out into a sea of fire. Sometimes its course is slow 

What are thermal sprmgs ? What are subaftrial igneous phenomena T sab 
marine? sabterranean t What is the namber of volcanoes t 
emption. 
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Bomedmes rapid. Glaciers may be encountered and melted, and 
torrents of boiling water and mud poured down. Showers of 
cinders again fall, and announce the termination of the eruption 
to be at hand. The flames, explosions, and ejections of rocks and 
stones become less violent, and finally nothing but vapors and 
smoke escape from the crater. 

A few examples of eruptions will serve to illustrate the kind 
and amount of changes which volcanoes are now eifecting, and 
will furnish the data by which to account for changes which 
must have been wrought in the crust of the earth during the ear- 
lier periods of its history. 

2. Vesuvius, — Before the Christian era, Vesuvius was in a state 
of inactivity. History had no records of its eruptions, and a nat- 
uralist only, as he observed the volcanic nature of the rocks, 
would have suspected its real character. Its energies found vent 
in the neighboring isles of Ischia and Procida, which were shaken 
by terrific convulsions and desolated by eruptions. But Vesu- 
vius itself was silent ; and although Strabo perceived its volcanic 
character, Pliny omitted it in his list of active volcanoes. In the 
cone were the remains of an ancient crater which was nearly fill- 
ed up, and was covered on its interior with wild vines; At the 
bottom was a sterile plain, on which Spartacus once encamped 
with his army of 10,000 gladiators, whose descent was a more 
disastrous eruption than the fiery floods of later years. The 
mountain was flanked with fruitful fields in a high state of culti- 
vation, and at its base were the luxurious and populous cities of 
Elerculaneum and Pompeii. 

In A.D. 63, Vesuvius gave signs of awakening from its repose 
of unknown ages. From that year to A.D. 79, shocks were fre- 
quent, and at length became more violent, when a terrific erup- 
tion took place, and buried the cities above mentioned. Since 
that time its eruptions have been numerous, but those of 1631 
and 1822 were most remarkable. In 1631 a stream of lava con- 
sumed Kesina, which had been built over the site of Herculane- 
um, and floods of mud were poured down with terrible devasta- 

What was the condition of Vesuvius before the Christian era? Give the 
flobsequent history of Vesuvius 
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doa. These flooda originated in heavy Tains, which are oSon 
pnxiluced hy volcanic action, and'which wash down the cindura 
«uh1 dust until they asBume the consistency of mud. Fig. 19 rep 
rosents the appearance i^ an eruption of Vcsuviua in I7Si, by 
which Torre del Greece was overwhelmed, and 400 persons vrere 
destroyed. 




f°Ao 



e time previous 



2 the crater had been gradually 
t, with awful explosions, to the 
1^2000 feet, and more than 800 feet of the top were blown 
oif. Since this time eruptions have been frequent, the most re- 
markable of which occurred In 1849 and 1850. 

3. ^ina. — £tna has been observed from the remotest antiqui- 
ty. It is situated on the island of Sicily, and is about 90 milea 
in circumference and nearly ll,0O0feet high (f^. SO). During 
the epoch of the eruptions of Vesuvius above described JEina 
was occasionally active. 

In 1669 an immense quantity of the lava overwhelmed fbuiteen 
towns and villages before reaching Catania. Although the walls 

Describe £Uia; the erapdon of 1669; oflSlland 1819. 




of this city were 60 feet hi^h, the lava accumulated until it gained 
the top, and tben poured over in a fiery cascade and destroyed a 
portion of the city. The curreut continued 15 miles further, 
when it entered the sea with a depth of 40 feet. The progress 
of this current had been so slow that the surface had time to cool, 
80 that it advanced by breaking through its walls of cruBt. Since 
the commencement of the present century, there have been sev- 
eral eruptions through the sides of the mountain. In 1811, seven 
openings were formed, each at a lower level successively. In 
1819, three out of five such openings united in one, and poured 
an enormous torrent into the "Vol del Bovc." Arriving at a 
precipice, it poured over in a cataract of liquid rock, which, cool- 
ing in its descent, dashed against the bottom with an inconceiva- 
ble crash. This current continued to flow for nine months, when 
it was found to move at the rate of leas than five rods per day." 
" Alate traveler gives the following description of an oniptioQ of JltuftBeeo 

" It was about lialf past ten wlien we reached the foot of the craters, which 
were both treraeodously agitated ; the great vent threw up immenaa columuB 
of fire, mingled with the blackest smnke and eand. Each explosion of fire 
was preceded by a bellowing of tbiinder in the monntain. The eiplosioQB 
followed each other ao rapidly that we could not count three seconds between 
them The atones which wero emitted wore fourteen seconds in Mling back 
to the cra.tor; consequenlly, there were always five or six eiplosions — some- 
times more than twenty — in the air at once. Theao atones were thrown up 
in the shape of a wide-spreading aheaf, producing the most magnificent etFect 
imaginable. The smallest Btones appeared to be of the size at cannon-balls ; 
the greater wero like bomb-shells ; but olliera were pieces of rock fivo or six 
cubufeet in size, and some of the most enormous dimonaiona; theUtter^n. 
•rallj bll OD the ridge of tbe crater and rolled down its sides, splittiug latt, 
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4. D» Iceland have occurred some of the most extensive erup 
tions on record. Most of this island, which is 300 miles long and 
150 broad, is covered with volcanoes and vast regions of fava, 
which is broken into ragged and pointed rocks, or cleft by yawn- 
ing chasms of many miles in length and of unseen depth. Oth- 
er parts of the island are filled with innumerable springs, spout- 
ing forth torrents of boiling water, or with immense mountains 
of ice. 

The convulsions of 1783 appear to have been most violent, and 
oil a scale of extraordinary magnitude. In an eruption of Skap- 
t:ir Jokul, two streams of lava flowed off in opposite directions, 
of which one was 40 miles long and 7 broad, and the other was 
i>0 miles long and 1^ broad, both c<mtaining 70,000,000,000 cu- 
bic yanls. At least 1300 human beings lost their lives ; and not 
Icss'than :20,000 horses, 7000 homed cattle, and 130,000 sheep 
were destroyed. 

5. On Hawaii (Sand 
wich Islands), Fig. 21, is 
an ever-active volcano, Ki- 
lauca, of unusual form and 
situation. " The whole sur- 
face of the island pertains 
to the slopes of three lofty 
volcanic summits, Mount 
Loa, constituting the south- 
ern portion, 13,760 feet in 
height ; Mount Kea, long 
extinct, covering the north- 
fragments AS they struck against the hard and cutting masses of cold lava 
The smoke emitted by the smaller cone was white, and its appearance incon- 
ceivably grand and beautiful ; but the other crater, though lt?sa active, was 
much more terrible ; and the thick blackness of its gigantic volumes of smoke 
partly concealed the fire which it vomited. Occasionally both burst forth at 
the same instant and with the most tremendous fury, sometimes mingling their 
ejected stones. 

" If any person could accurately fancy the effect of 500,000 sky-rockets 
darting up at once to a height of turee or four thousand feet, and then falling 
back in the shape of red-hot balls, shells, and large rocks of fire, he mi^bt 
have an idea of a single explosion of this buniin"' mountain ; but it is douot- 
ful whether any imagination can conceive the effect of one hundred of such 
explosions in the space of five minutes, or of twelve hundred or more in the 
course of an hour as we saw them!" — Mantell. 




Describe Iceland ; the eruption of 1783. What i« said of Hawaii? 



BTu portion, 13,950 feet in height; and Hualalai, toward the 
woBtern ehorea, estimated at 10,000 feet." — Dana. 

The crater of Kilauea, Fig. 22, is oot in a truncated cone of & 



mountaia, but in au upland country, near the bHse of Mount Loa. 
The crater is an. immense chasm, in the middle of a plain, which 
ia BUrrouuded by a precipice from 200 to 400 feet bich, and is 
16 miles in circumference ; or rather this plain is itself a chasm, 
and the crater is a chasm within a chasm. Mr. Stewart, formerly 
missionary at these islands, gives an interesting account of its ap- 
pearance : 

" Standing at an eleYBtioQ of 1500 feet, we looked into the horrid gulf, not 
leu than eight milee in circnmfereDce. directly beneath us. The hideoiu 
immaosity itmlf, independent of the many frightful images embraced in it, 
almost caused an involnntsry closing of the eyes sgaiiiet it. But to the eight 
U added the eSect of Iho various unnatural and frightful noiaes, the ev<;ry 
agonized Btmggling of the mighty action within. This gulf contains 50 or GO 
conical cratere, many of which are in constant action. About hnlf way dowa 
the perpeudicolar side of tbe chasm ia a ledge or piazza of lava front a few 
feet to several yards in width, which extends all around. Below this, all was 
of H dismal black color, except two or three of the conical cratei-s at the bot- 
tom, which ^ere corerod witb sulphur of voHoub shadeH of yellow and green* 
The cli% above the piazza were red on the north and west aides; on tbe east 
the bank was less precipitous, and consisleil uf entire banks of aalpbiu- of a 
delieale and bright yellow. 

" As the darkness of tbe night gatherad around us, Gre after lire beEan to 
glimmer on the eye, appearing in rapid succession. Two or three amall cra- 
ter* were in loll action, every moment casting out atones, ashes, and lava, 
with heavy detonations, while the flames glared over tbe surrouoding obion- 

Wbnt is said of the crater of Kilaneal 
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rity, ricbly illuminatiiig the more diftant Yolomes of smoke. The great 
of action, however, seemed to be in the soathem and western end, where an 
exhibition of ever-yarying fire>woiks was presented. Bivers of fire were 
seen rolhng in splendid comscations among me laboring craters. During the 
second nignt, the noises were redoubled, rolling from one end of the vast 
chasm to the other with inconceivable velocity, and the flames burst from a 
large cone, which in the morning appeared to have been Ion? inactive. Bed- 
bot stones, cinders, and ashes were i»t}pelled io an immense height, and soon 
the lava boiled over in two curved streams glittering with indescribable brill 
iancy. 

'* A whole lake of fire opened in a more distant part, two miles in circam 
feren'*e. Its surface had all the agitation of an ocean ; billow after billow 
tossed its monstrous bosom in the an*, and occasionally met with such violent 
concussion as to dash the fiery spray 40 or 50 feet hign. This spray is blown 
out by the winds into delicate threads, as melted glaM may be drawn out, and 
accumulates on the sides in masses which resemble buncnes of tow." 

An eruption, which had its source in this volcano, in June, 1840, 
was one of the most extraordinary of modem times. It has been 
described by Mr. Coan, an American missionary in the Sandwich 
Islands, who, soon after the eruption, discovered the place where 
the current broke forth, and traced it to the sea. We give his 
narrative somewhat abridged, as furnishing one of the most in- 
structive examples of this class of geological agencies : 

" For several years past the great crater of Kilauea has been rapidly filling 
up. The great basin below the black ledge has been^ computed to be frum 
three hundred to five hundred feet deep. Silent eruptions had occurred at 
intervals, until the black le^ee was repeatedly overflowed, each forming a 
new layer from two feet thick and upward, until the whole area of the cra- 
ter was filled up, at least fifty feet above the oriffinal black ledge. This pro- 
cess of filling up continued till the latter part of May, 1840, v^n, as many 
natives testify, the whole area of the crater became one entire sea of igniflu- 
ous matter, raging like the ocean when lashed into^ fury by a tempest For 
several days the fires raged with fearfcd intensity, exhibiting a scene awfiilly 
terrific. The infuriated waves sent up infernal sounds, fmd dashed with such 
maddening energy against the sides of the awful caldron as to shake the solid 
earth above, and to detach huge masses of overhanging rocks, which, leaving 
their ancient beds, plunged into the fiery gulf below. Every thing within the 
caldron is new. Not a particle of the lava remains as it was when I last vis- 
ited it. All has been melted down and recast. The whole appears like a 
raging sea, whose waves have been suddenly solidified while in the most vio* 
lent agitation. 

** On the 30th of May, the people of Pana observed the appearance of smoke 
and fire in the interior, a mountainous and desolate region of that district. 
Thinking that the fire might be the burning of some jungle, th^ took littie 
notice of it until the next day, when the sudden and grand exhibitions of fire 
left them no room to doubt the cause of the phenomenon. The fire aagmenti 
ed daring the day and night, but it did not seem to flow ofi* rapidly m any 
direction. All were in consternation, as it was expected that the molten flood 
would pour itself down from its height of four thousand feet to the coast. On 
Monday, June 1st, the stream began to flow off in a northeasterly direction 
(from n, Fig, 21) ; and on June 3d, at evening, the river reached the sea (a1 
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Nanawale, which it destroyed), having averaged abont half a mile an hour in 
its progress. 

" The source of the eruption is in a forest, and in the bottom of s^ ancient 
wooded crater (a, Fi^» 21, p. 54), about four hundred feet deep, and prob- 
ably eight miles east from Kuauea. From Kilauea to this place the lava flows 
in a subterranean gallery, probably at the depth of a thousand feet, but its 
course can be distinctly traced all the way by the rending of the crust of the 
earth into innumerable fissures, and by the emission of smoke, steam, and 
eases. The eruption in this old crater is small, and from this place ^e stream 
disappears again for the distance of a mile or two, when the lava again gushes 
up and spreads over an area of about fifty acres (c). Again it passes under 
ground for a few miles, when it reappears in another old wooded crater (m), 
consuming the forests, and partly fillmg up the basin. Once more it disap> 
pears, and, flowing in a suoterranean channel, cracks and breaks the earth, 
opening fissures from six inches to ten or twelve feet in width, and sometimes 
splitting the trunk of a tree so exactly that its legs stand astride at the fissure. 
After flowing under ground several miles, it again broke out, like an over- 
whelming flood (n), and, sweeping forest, hamlet, plantation, and every thing 
before it, rolled dawn with resistless energy to the sea, where, leaping a proc- 
ipice of forty or fifty feet, it poured itself in one vast cataract of firo into the 
deep below, with loud detonations, fearful hissings, and a thousand unearthly 
sounds. Imagine to yourself a river of fused minerals, of the breadth of Niag> 
ara, and of a gory red, falling, in one emblazoned sheet, one raging torrent, 
into the ocean ! The atmosphere in all directions was filled with ashes, spray, 
gases, etc., while the burning lava, as it fell into the water, was shivered into 
millions of minute particles, and, being thrown back into the air, fell in show- 
ers of sand on all tne surrounding country. The coast was extended into the 
sea for a quarter of a mile, and a sand-beach and a new cape were formed. 
Three hills of scoria and sand were also formed in the sea, the lowest about 
two hundred, and the highest about three hundred feet high. 

** For three weeks this terrific river continued to disgorge itself into the sea 
with little abatement. Multitudes of fishes were killed, and the waters of the 
ocean were heated for twenty miles along the coast. The breadth of the 
stream, where it fell into the sea, is about half a mile, but inland it varies from 
one to four or five miles in width, conforming itself, like a river, to the iace of 
the country over which it flowed. 

** The depth of the stream probably varies from ten to two hundred feet, ac- 
cording to the ineofaalities of the surface over which it passed. During the- 
flow, night was converted into day on all eastern Hawaii. The light rose and 
spread like the morning upon the mountains, and its glare was seen on the op- 

Eosite side of the island. It was also distinptly visible for more than one 
undred miles at sea, and at the distance of forty miles fine print could be read 
at midnight. 

*' The whole course of the stream from Kilauea to the sea is about 40 miles. 
Its mouth is about 25 miles from Hilo station. The ground over which it 
flowed descends at the rate of one hundred feet to the mile. The crust is now 
cooled, and may be traveried with ease, although scalding steam, pungent 
gases, and smoke are still einitted in many places. 

** Hills have been melted down like wax ; various and deep valleys have 
been ^led ; and majestic forests have disappeared like a feather in the flames. 
In some places the molten stream parted and flowed in separate channels for 
a great distance, and then, reuniting, formed islands of various sizes, from one 
to fifty acres, with trees still standing, but seared and blighted by the intense 
heat. On the outer edges of the lava, where the stream was more shallow, 
wid the heat less vehement, and where, of course, the liquid mass cooled soon* 
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ett, the trees were mowed down like gross before the scythe, and left char- 
rotl, siiiouldoriiig, and ouly half consumed. As the lava flowed around tho 
trunks of large trees on the outskirts of the stream, the melted mahs stiffened 
and consolidated before the trunk was consumed, and when this was effected, 
tlio top of the tree fell, and lay unconsumed on the crust, while the hole 
wliich marked the place of the trunk remains almost as smooth and perlect as 
the caliber of a cannon. These holes are innumerable, and measure from ten 
to forty feet deep, but they are in the more shallow parts of the lava, the trees 
being entirely consumed where it was deeper. During the flow of this erup- 
tion, the great crater of Kilauea sunk about three hundred feet, and her fires 
became nearly extinct, one lake ouly out of many being left active iu this 
mighty caldron. This, with other facts wliich have been named, demoustmtes 
that the cn'uption was the disgorgement of the fires of Kilauea. The open lake 
in the old crater is at present intensely active, and the fires are increasing, as is 
jvident fnini the glare visible at our station, and from the testimony of visitors. 

** While tho stream was flowing, it might be approached within a few yaixls 
on tho windward side, while at the leeward no one could live within the dis- 
timce of many miles, on account of the smoke, the impregnation of the atmos- 
phere with pun«;ent and deadly gases, and the fiery showers which were con- 
stantly doitcending and destroying vegetable life. During the progress of the 
tlosctfuding stitNUii, it would often fall into some fissure, and forcing itself into 
n|HTturt's and under massive rocks, and even hlllr)cks and extended plats of 
gntund, and lining them fmm tlieir ancient beds, bear them with all their su- 
|H«rincumbent mass of soil, trees, etc., on its viscous and livid bosom, like h 
ruft oit tho water. When the fused mass was sluggish, it had a gory appear 
anoe, like clottoil blood mingled and thrown into violent agitation. 

•* 8oniotimoa the flowing lava would find a subterranean galleiy, diverging 
Ht ri^ht angles from the main channel, and, pressing into it, would flow off un- 
t»lv*<MViHl, till meeting with some obstruction in its dark passage, when, by its 
oxpansive force, it would raise the crust of the earth into a dome-like hill of 
tii^(«t*n or twenty feet in height, and then, bursting this shell, pour itself out in 
a tiory torrent uixmnd.*' — Coatif Sept. 25, 1840. 

In this eruption tho quantity of matter which was ejected 
uniountod to 6,000,000,000 cubic feet. The old crater of Kilau- 
o« lost 1/5,400,000,000 cubic feet of its contents, the greater part 
of which therefore must have been drawn ofifinto subterranean 
iiiioures. 

C. Another illustration wo quote from Lyell's Principles of 
Otology : 

" In April, 1815, one of the most frightful eruptions recorded 
in luHtory occurred in the mountain Tomhoro, in the island of 
Sumbawa. It began on the 5th of April, and was most violent 
un tlie 11th and 12th, and did not entirely cease till July. The 
■ound of the explosions was heard in Sumatra, at the distance of 
.070 geographical miles in a direct line, and at Ternate, in an op- 
'Weite direction, at the distance of 720 miles. Out of a popula- 
tion of twelve thousand, only twenty-six individuals survived on 

What is laid of the quantity of lava lost by Kilauea 7 Describe the emption 
^ffTomboro. 
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tfae.:i8lan'd. Violept 'whirlwinds carried up men, horses, cattle, 
an]d\Yhateyer- eUe. came within their influence, into the air; tore 
up- the largest trees by their roots, and covered the whole sea 
with floating timber. Great tracts of land were covered with 
lava, several streams of which, issuing from the crater of the Tom- 
boro Mountains, reached the sea. So heavy was the fall of ashes, 
that they broke into the .'president's house at Birna, forty miles 
east of the volcano, and rendered it, as well as many other dwell- 
ings in town, uninhabitable. On the side of Java, the ashes were 
carried to the distance of pOO miles, and 217 toward Celebes, in 
sufficient quantity to darken the air. 

The floating cinders to the windwai'd of Sumatra, formed, on 
the 12th of April, a mass two feet thick and several mile in ex- 
tent, through which ships with difficulty forced their way. 

The dsprkness occasioned in the daytime by the ashes in Java 
was so profound, that nothing equal to it was ever witnessed in 
the darkest night. 

The area over which the tremulous noises and other volcanic 
effects extended was one thousand English miles in circumfer- 
ence, including the whole of the Molucca Islands, Java, and a 
considerable portion of Celebes." — Lycll, 

7. Static Pressure in Volcanoes, — The enormous pressure of the 
Hquid lava against the interior of volcanoes, when it is raised to 
a great height, is the cause of the frequent eruptions through their 
sides. The force requisite to raise lava to the edge of the crater 
of ^tna, from the level of the base of the mountain, exceeds five 
tons per square inch. In Cotopaxi, which is 19,000 feet in height, 
the force required is ten tons per square inch : yet this volcano 
has projected matter 6000 feet above its summit, and once threw 
a stone weighing 200 tons to the distance of nine miles. Acon- 
cagua, in Chili, the highest of all volcanoes (23,000 feet), would 
require at its base, for an eruption from the summit, a force of 
twelve tons per square inch. 

8. Characters of%iava, — The melted matter ejected from vol- 
canoes is composed chiefly of feldspar and augite. When the 
former prevails, the lava is said to be feldspathic or trachytic, 
and when the latter predominates, the lava is said to be augitic. 



What is said of the static pressure in volcanoes ? Of what minerals is lava 
composed f 
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When laTE is cooled near th< surface of the^mass, it is nsnally 
light and porous, having been inflated with bubbles of gas. In 
some cases these bubbles of gas are of great size, and the cavities 
constitute large caverns. Sometimes the elasticity of the gas ex- 
plodes the bubbles, and throws fragments of lava into the air. 
When melted feldspathic lava comes into contact with water, the 
water is converted into steam, which causes the lava to froth up, 
and converts it into pumice. At the time of the eruption of Skap- 
tar Jokul, in 1783, there was an island thrown up seventy miles 
from land, and the ocean was covered with vast quantities of 
floating pumice for a distance of 150 miles. Dr. C. T. Jackson 
has made pumice from the slags of furnaces by throwing water 
in the path of the running slag. It is, indeed, a common form of 
the slag of furnaces. 

When lava cools under the pressure of a superincumbent mass, 
it is generally as compact and solid as the older rocks. Some of 
the products of volcanoes consist mostly of silex, and resemble 
impure glass or the slag of furnaces, and frequently the artificial 
can not be distinguished from the natural product. 

II. Earthquakes. — 1. One of the most remarkable earthquakes 
was that which began at Lisbon^ on the 1st of November, 1755. 
A sound like thunder under ground was heard, and in six min- 
utes the greater part of the city was thrown down, and 60,000 
persons had perished. The sea retired, and then rolled back 50 
feet higher than its ordinary level. A new marble quay was sud- 
denly swallowed up with a great concourse of people, and the 
vortex drew down many boats and small vessels. The highest 
mountains in Portugal were shaken from their foundations ; theii 
summits were split and rent, and portions of them were throvm 
down into the valleys. The shock was felt at sea, and a ship 120 
miles west of St. Vincent experienced a violent concussion, which 
was probably occasioned by a wave of translation, that is, a mo- 
tion of the water itself. 

This earthquake was felt over a large part of the earth. AH 

When is lava porous? Wliat is piunice? When is lava compact f I>» 
•cribe the Lisbon earthquake 
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Europe, eren to Norway, felt the shock. The waters of Loch 
Lomond (in Scotland) rose two feet and four inches. Terrible 
eruptions and earthquakes occurred in Icelalid. Springs through^ 
out Europe and Great Britain became hot, and some of them tur- 
bid. The north of Africa was violently shaken, and a village 
near Morocco was ingulfed with 8000 or 10,000 persons in a fis- 
sure, which opened and closed over them. The shock was felt 
in Che West Indies ; and the waters of Lake Ontario were vio- 
lently agitated. 

2. The West Indies have been more or less subject to earth- 
quakes since their discovery. In 1692 a great earthquake in- 
gulfed three quarters of the then large anc opulent city of Port 
Royal, in Jamaica ; the Blue Mountains, 8000 feet high, were 
rent and shattered, and the surface of the island swelled and 
heaved like a rolling sea. In 1843, Guadaloupe and severd 
towns were suddenly destroyed. 

3. The motion of the ground in earthquakes is said to be liko 
that of waves pursuing each other with great velocity, in many 
cases of 20 miles per minute. Sometimes the force acts in an 
upward direction, as in the earthquake of Calabria in 1783, when 
loose masses bounded into the air to the height of several yards, 
and in some of the towns the pavements were thrown up. Dur- 
ing the same earthquake, however, other places were affected 
with a force acting horizontally. This year there were 349 shocks 
in Italy, the first of which, February 5th, ** threw down, in the 
space of two minutes, the greater part of the houses in all the 
cities, towns, and villages, from the western flanks of the Apen- 
nines in Calabria Ultra, to Messina in Sicily, and convulsed the 
whole country." — Lyell, On March 28th, another shock occur- 
red. The extent of country convulsed was very great. Around 
the city of Oppido as a center, all the towns and villages were 
destroyed for twenty-two miles in every direction. The surface 
of the country heaved like the waves of the sea, and the inhabit- 
ants experienced the sensation of sea-sickness. The earth open- 

Wbat is said of the earthqaake of 1692 f of the motion of the ground m the 
earthquake of Oalabriaf 
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ed in many places; large masses were shaken down from the 
mountains and cliffs of the sea; deep lakes and fissures were 
produced, valleys were excavated, rocks and trees were thrown 
into the air, the courses of rivers were changed, sand-hills and 
ridges were thrown up in some places, and depressions were pro- 
duced in others. 

The hiU4iwy motion has heen remarked by all who have de- 
scribed the phenomena of earthquakes. It is a cause of ridges, 
arches, and faults in the rocky strata. In Darwin^s travels in 
South America, it is stated that an engineer who was following 
up an ancient river bed, found himself, on one occasion, suddenly 
going dowm hill. 

4. The effects of earthquakes, most important in a geological 
point of view, are the tuhsidence and the devotion of land. In 
the year 1772, Papandayang, one of the loftiest volcanoes of Java, 
was in eruption, when the greater part of the mountain, for a 
space 15 miles long and 6 wide, fell in and disappeared with its 
inhabitants. On the other hand, the bed of the sea, in the harboi 
of Conception (Chili), was raised, in 1750, to the amount of 2d 
feet, and in 1822 the coast of Chili was permanently elevated 
through an area of 100,000 square miles. January 16th, 1819, 
an earthquake occurred at Cutch, on the delta of the Indus. The 
fort and village of Sindree were submerged, the tops only of the 
houses appearing above the water. 2000 square miles &f land 
were converted into a lake. Immediately after the shock, a 
mound 50 miles long, 15 miles wide, and 10 feet high, arose 
within a few miles of the place of subsidence. 

III. Thermal Springs. — Geysers, or springs of hot water, occui 
in volcanic countries. The most celebrated are those of Iceland, 
in the southwest part of which is an assemblage of perforations 
in the earth, through which are emitted jets of boiling water. 

The Great Geyser is an opening from 8 to 10 feet in diameter 
u: a basin-shaped mound, Fig, 23, through which a column of 

What is said of the billowy motion 7 What are the most important geolog 
ical effects 7 What is said of Papandayang 7 of Chili 7 of the Catch 7 Where 
are the most celebrated geysers 7 Desci^be the Great Greyser. 
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trater is forced up to the height of 160 or 200 feet. The watet 
ji its ascent is divided into innumerable jets, and descends in 
■howcrs of spray, as represented in the figure. The action of 
the geyser is not constant, but intermittent, there being alternate 
periods of activity and impose. 

Hot Eprings are also common in countries which are quite 
remote from any »xisting volcanic agency, but which at no very 
remote geological period have beon the theater of volcanic action. 
In Arkansas and in Oregon are examples. 

In some cases the heat is that of boiling water, but there are 
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all degrees of temperatnre, and the thermal character of some 
springs u BO alight aa to be detected only by continued therrao- 
metrical obserrations. . 

In moat, if not in all casea, thermal springs, which are distant 
from actire volcanoes, are situated near ancient volcanic rocks, 
or near chains "bf tpounUuns which were broken up and elevated 
by the igneous agency of former epochs. The latter is the case 
with the hot aprings of Virginia and many others in the United 
States. 



SECnOR IL-«DB1UBIHE IQHEODa A 

I. Volcanic laloHd*. — Many islands of considerable size have 
been seen to rise from the sea, and many others composed of 
lava are doubtless of volcanic origin. Authentic 'narratives of 
such events in remote ages are limited to the Mediterranean Sea. 
1)1 the Grecian Archipelago there is a group of islanda, of which 
Saniorini is the chief, several of which have been thrown up ttt 
different times. 

In July, 1831, a volcano rose up through the sea off the coast 
nf Sicily, and was called Graham'i bland. Fig. 24 represents its 




I, I8th 
appearance on the 18th of July, and Fig. 25 on the 4th of August, 
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RB Been by Corrao. In August it was 18.0 feet high and 1^ mileu 
in circnmfereaco ; but the pari above the water, being coniposei] 
of loose materials, disappeared in two or three years, leaving a 
rocky shoal. The Azores and the Aleutian Isles have been re- 
peatedly increased by Dew volcanic islands. In 1814, near Una- 
laschka, an island was raised with a peak 3000 feet high. Many 
new islands have been thrown up near the shores of Iceland, 
and some of them have since subsided. 

11. S»hmafine eartiguakes not uniireijuently furnish proofs of 
their occurrence in sudden and extraordinary waves. A few 
years since, at the Sandwich Islands, a series of sucb waves swept 
away a village near the shore. Perhaps a sudden rise and fall 
of one or two feet, which was observed in the harbor cf Nan- 
tucket, in June, 1836, may be referred to such a cause. 

Volcanic forces may be active in the lowest depths of the ocean. 
At the depth of five miles, the pressure of the superincnmbent 
mass of water is so great that the most powerful volcanic agency 
would act silently and be nnfelt at the silrface. With that press- 
ure the water would become red hot without bursting into steam, 
and currents of incandescent lava might flow quietly down the 

What are the efiects of submarine earthqiiakea T IVbat miut be the chap 
Mtter of enqniom st great depths luider Ifae ocean t 
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sSdn of submarine mountaiiiK. But the effects on the chemical 
cMutitudon, and on the crystalline structure of the melted and 
cooling mass, would be great. Doubtless many of die older ig- 
neous rocks hod such an origin. 

f LCTIOX IIL— BIIBTERRAIIEAM IGNEOUS AGEHCIEa 

The history of igneous agency on the surface of die eardi nat 
nrally leads us to look withio for its source. We shall briefly 
[iriK-ccd from die less to the more general conclusions, until we 
arrive at a theory sufficiently comprehensive to embrace all the 
pheiiotnena of igneous action. 

I, TAearj/ of Gtyttrt. — The most probable theory of geyxa-M 
lias boon well illustrated by the following figure. (Lyell's Prin- 
ciples, Am. ed., i., 472.) 

Fig. M, "Su||^io3e water percolating from 

' 9 suriice of the earth to penetrate 
■a the subterranean cavity A D by 
. the fissures F F, while at the same 
1 time steam at an extremely high 
temperature, such as is commonly 
given out from the vents of lava cur- 
, rents during congelation, emanates 
4 from the fissures C. 

" \ portion of the steam is at 
first condensed into water, while (he 
j temperature of the water is ele- 
vated by the latent heat thus evolv- 
— ed, till at last the lower part of the 
cavity IS filled with boiling- water, and the upper part widi steam 
under high pressure. The expansive force <n the eteam becomes 
at length so great that the water is forced up the fissure E B, and 
runs over the rim of Uie basin. When the pressure is thus di- 
minished, the steam in the upper part of the carity &. expands, 
until all the water [in the upper part of A D] is driven into the 
pipe ; and when this happens the steam also rushes up with great 
velocity." 

II. Theory of Volcanoei. — 1. The same theory may be applied 
to volcanoes, if we suppose that the seat of operationB is on & 

Wliero \i the source of igneons agency 1 Describe the theory of geyser*. 
Ilciw may iliin theory be applied to volcanoeRf 
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mass of molten lava at the depth of several miles. Water enter- 
ing is converted into steam, which forces up the lava in the crater 
of some neighboring volcano or through the crust of the earth. 
That water is an important agent in volcanic eruptions would 
seem to be proved by the great quantities of steam which escape, 
and by the hydrochloric acid and salt emitted, which the salt 
water may have furnished. In South America, even fishes have 
been discharged. 

It may perhaps be objected to any theory which shall make 
the expansive force of steam the sole agency, by which lava is 
elevated many thousand feet, that the force may not be sufficient. 
When water is converted into steam at a temperature of 800°, 
nearly a red heat, it merely doubles its volume, and has a press- 
ure of only two tons per square inch. But since the pressure 
of lava in most volcanoes exceeds this amount, it would seem that 
the ordinary source of the great power of steam by increase of 
heat, viz., the increased qirantity in a given space, would avail 
little. The resistance of the superincumbent matter would be 
such that the water would not double its bulk. The universal 
law of expansion by increments of heat would hold good ; but, al- 
though the application of the law under such circumstances may 
not be obvious, yet it may be conjectured that the water would 
merely be heated red hot, without a very considerable expansion. 

2. The geographical distribution of volcanoes tends to the 
same conclusion. On inspection of the following map. Fig. 21 y 
on which the volcanic regions are indicated by the shaded parts, 
it will be seen that volcanoes are, with a few exceptions, situ- 
ated near the ocean. About two ithirds of the number are on 
islands, and of the remaining third nearly all are within a short 
distance of the coast. In Mexico and in Central Asia there are 
a few exceptions to this general statement. It will be seen, also, 
that most volcanoes are arranged in lines or zones of great ex- 
tent. 

3. The history of volcanoes and earthquakes has shown us that 

What olgection to this theory of volcanoes 7 What ig said of their geograph- 
ical dUlributioD 7 
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the source x>f their action is very deeply seated in the earth. This 
is especially manifest from the quantity of matter erupted. 

The single eruption of Skaptar Jokul, in 1783, protruded a 
mass of lava exceeding the bulk of the entire mountain. In 1660, 
it was computed that the ejections of Mount .^Stna, if collected, 
would foim a mass twenty times the size of the original mount- 
ain ; yet the subsequent eruptions do not indicate atiy exhaustion 
of the source. It was, therefore, a correct idea of Senec^, who 
says that the volcanic mountain does not supply the fire, but 
merely affords it a passage. Volcanoes are only chimneys over 
the subterranean fires. 

4. But we may go further, and affirm that these fires are suffi- 
ciently extensive to furnish a communication between distant vol- 
canoes. This conclusion unavoidably follows firom their alternate 
action^ from their relations to earthquakes, and from the geograph- 
ical extent of the latter. Fi'om the numerous facts which sustain 
this conclusion, we can present only a few illustrations. 

In 1797, the volcano of Pasto, in the western part of Columbia, 
emitted a volume of s^noke for three months, which ceased at 
the moment when a violent earthquake, with an eruption of mud 
and water, of vapors and flames, occurred at the distance of 180 
miles. Vesuvius and Ischia have alternated with each other. 
Eruptions of the latter were frequent and violent in the earlier 

W hat is proved by the quantity of matter erupted 7 Give examples. What 
h said of the alternate action of volcanoes 7 
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ages, while Vesuvius was quiet until A.D. 79, when it over- 
whelmed Herculaneum and Pompeii. Ischia has since had its 
period of repose, and Vesuvius of activity. 

It has been observed that, from the conunencement of the thir- 
teenth to the latter half of the seventeenth century, earthquakes 
in Syria and Judea almost entirely ceased, while Southern Italy 
suffered extraordinary convulsions. A co'uparison of their his- 
tory leads to the conclusion that both are not violently affected 
at the same time, whence it has been inferred that a subterranean 
connection exists between regions nearly fifteen hundred miles 
distant. 

In 1811, South Caroling^ was convulsed with earthquakes, 
which continued until Laguira and Caraccas (South America) 
were destroyed. At the same time the valley of the Mississippi 
was convulsed, especially under New Madrid. New lakes, 20 
miles in extent, were formed, and others were drained ; the earth 
undulated like the ocean, and split into frightful chasms. These 
chasms were in a direction from southwest to northeast, and the 
people, soon observing it, felled trees at right angles to this di- 
rection, and placed themselves upon them. Many were thus 
saved from being swallowed up. 

The directions of these chasms were that which would have 
been produced by an undulating force, propagated in a northwest 
and southeast line ; and it is worthy of notice that New Madrid, 
in the valley of the Mississippi, South Carolina, and Caraccas, 
are nearlv in this direction. This circumstance, and especially 
the coincidence in time, indicate a subterranean communication 
between these places, whose extremes are distant 2500 miles. 

The extent to which the earthquake in 1755 was felt has been 
mentioned (p. 61), and indicates a seat of subterranean action 
under a very considerable portion of the crust of the earth. 

The influence of earthquakes may be considerably extended 
by the transmission of vibrations through the solid rocks. But 
the extent of country affected in this manner can not be much 
larger than that which is directly acted upon. A mere transmit- 
ted vibration could not affect the quantity and temperature of the 
waters in thermal springs and render them turbid, which was re- 
markably the case throughout Europe in the Lisbon earthquake. 
Says Baron Humboldt, in the view of such facts : " They demon- 

DeKsribe the earthquakes of 1811. What is eaid of the vibratory inflnence 
of earthquakes T What is Humboldt's opiniou f 
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Atrate that these forces act, not superficially in the outward crust 
of the eartb, but at immense depths in the i iterior of our planet/' 

III. Theory of IiUemal Heat. — Thus far, most geologists are 
agreed ; but if we extend our inquines further, and require a 
more definite theory of the source of volcanic fires, we then find 
some difference of opinion. 

Let us consider the theory which is most in favor, and which 
supposesjthat the whole interior of the earth is in a state effusion, 
within a crust of 50 to 100 miles in thickness. According to this 
theory, earthquakes are the effects of the heaving of this melted 
interior, occasioned, perhaps, by steam or chemical action, and 
volcanoes are the safety-valves through which earthquakes are 
relieved. 

In support of this theory, it is urged that it afibi-ds a satisfactory 
explanation of the great extent of earthquakes and of the altern- 
ation between distant volcanoes, of the great quantity of matter 
ejected through the latter, and of their being associated together 
along lines, or in groups where the crust of the earth may be sup- 
posed to be of less thickness. The undulatory motion of earth- 
quakes would be merely the waving of tlie crust. 

The theory of internal heat, however, reposes chiefly on experi 
ments made upon the temperature of mines and Artesian wells 
which concur in the interesting result that in all places the tem- 
perature of the earth increases afler passing below the stratum 
of surface temperature, in a ratio, which varies in different places 
from 1° Fahr. for 25 feet of descent, to 1® for 70 feet, but which 
is quite constant in the same place. From the very numerous 
observations which have been made, we select a few examples : 

" At the Dolcoath mine of Cornwall (England), the mean an- 
nual temperature at the surface of the ground is 50° ; of a spring 
1440 feet below, 82° ; and of the rock three feet three inches 
within its surface, and 1381 feet deep, 76*6°. At the silver mine 
of Guanaxuato the mean annual temperature at the surface is 
68*8°, and the temperature of a spring 1713 feet below is 98*3°. 
A single experiment in the deepest coal mine in Greac Britain, 

What is the theory of internal heatf How doe* ic ejrpVaifi cbe igneonf 
^genmea 7 What is the direct argument for thb theo^ t 
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near Sunderland, gave the following results : depth of the place . 
of obsei-vation, J584 feet ; below the level of the sea, 1500 feet 
Mean annual temperature at the surface, 47*6° ; temperature on 
the day of observation (Nov. 15, 1834), 49° ; do. of the air at the 
bottom of the pit, 64° ; close to the coal, 68° ; do. of water col- 
lected at bottom, 67° ; do. of salt water issuing from a hole made 
the same day, 70*1° ; do. also of gas rising through the water, 
72'7° ; do. of the front of the coal, 68°. Hence the heat increases 
at the rate of about a degree for every 60 feet.*' — Hk, 

At Berlin (Prussia), the mean temperature is 47*1° ; the tem- 
perature of the water of an Artesian well at the depth of 67.5 feet 
is 67-6°. At Paris, the mean temperature is 51*1° ; the temper- 
ature of an Artesian well 1800 feet deep (the deepest in the 
world), is 83°. In Wurtemburg, the water obtained in Artesian 
wells is used with success to prevent the stopping of machinery 
by the freezing of the water which carries it, and also for warm- 
ing a paper manufactory.* 

As similar results have been obtained in all cases,' it is inferred 
that the heat would be found to continue to increase, if we were 
able to penetrate much deeper, until, at the depth of one or two 
miles, we should reach the temperature of boiling water.t At 
the name ratio of increase, the heat at a depth of forty miles 
would be sufficient for the fusion of all known rocks. 

It has been objected to this theory, that the diffusion of heat 
through the liquid interior should melt also the crust of the earth. 
If it were supposed that the heat continued to increase through 
all the melted nucleus to the center, in the same ratio in which 
it increases through the solid crust, the objection would be fatal 
to any such theory. But we can not see any more difficulty in 
conceiving that the earth has had a crust 50 miles in thickness 
congealed in the lapse of ages, than that a body of water should 

* Warm springs which rise from deep sources, have been used for warming 
ronservatories and irrigating ^rdens. It is said that a piece of ground at Er- 
furt (Germany), which is thus Isept at an equable and high temperature, yields 
to its proprietor an annual profit of $60,000, derived from raising salad. 

t Oo account of the great pressure, it is not to be inferred that water would 
boil at this or at any other depth. See p. 67. 

What is said of Artesian wells ? of the heat at the depth of one or two miles 7 
at the depth of forty miles ? What objection to the theory 7 What reply is 
made? 
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\m incnisted with ice by a similar process. It might as well be 
urged that it is impossible for a pond of water to be fix)zen over, 
because the diffusion of heat through the water would melt the 
ice. 

Another theory (of Sir Charles Lyell) supposes that there are, 
beneath the crust of the earth, immense reservoirs and subterra- 
nean channels of lava, whose action is the source of eruptions 
and of earthquakes. The ground of preference for this theory 
on the part of its advocates is, that it is sufflciejU to account for 
all tho phenomena of earthquakes and volcanoes, and for the tem- 
|H>mluro of mines and of Artesian wells. If, however, these res- 
orvoirs and channels are thus numerous, this theory is obviously 
c>xpi>^^] to the objection which has been urged against the former; 
and the existence of partitions protected from the colder temper- 
atuix3 of the 8i||face by miles of non-conducting materials, but ex- 
posed U> the action of these adjacent lakes of fire, is inconsistent 
with the laws of the equilibrium of heat in liquids. 

SECTION IV.— GENERAL RESULTS OF IGNEOUS AGENCY. 

The general effects of igneous agency may be thus summed 
up: 

1. The transfer of matter fix>m the interior to the surface of the 
earth. 

2. The discharge of gases and of pent-up vapors, which gives 
I'elief to earthquakes. 

3. The production of fissures, which, being filled with lava, form 
dikes. 

4. The formation of peculiar kinds of stratified rocks by dis 
charges into the sea. 

5. The elevation of parts of the earth's crust. 

6. The depression of parts of the earth's crust. 

7. The lifting up of strata out of a horizontal position. 

8. The burial of animals, of plants, and of works of art, some- 
times without entirely destroying them. 



State Sir C. LyelFs theory ; the argament for it and agaiiMt h. What is 
*iio first-mentioneil effect of igneous agency? the secondf tiie third? &c 
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9. The heating of thermal springs. 

10. An increase of the erosive action of water. This effect 
appears in the floods produced by the sudden melting of snow 
and ice in volcanoes ; but especially in the waves of translation, 
which are produced by earthquakes. It is well known that or- 
dinary waves have but little onward motion, except when meet* 
ing a shore. On the contrary, in waves of translation, there is a 
horizontal motion of the water, which greatly increases its ero- 
sive power. 



CHAPTER III. 

JOINT EFFECTS OF 'AQUEOUS AND IGNEOUS AGENOIBS. 

The two great powers which we have thus considered, fire and 
water, are to some extent in their geological eflects, as they are 
in their nature, antagonist forces. Running water is constantly 
removing the land by slow degrees from higher to lower levels, 
and into the sea, while volcanoes are raising, from within the 
crust of the earth, to a greater or less height, their floods of 
melted rocks. Earthquakes are also engaged in lifting whole 
countries by violent shocks, while some unknown power, per- 
haps the plication of the crust of the earthy is more gradually ef- 
fecting the same result: As, however, water in some cases re- 
verses its usual mode of operation, and in springs raises its sol- 
uble contents from deep places and deposits them on the surface 
of the ground, so, on the other hand, the igneous agencies not 
unfrequently reverse the more common process of elevation, and 
we see earthquakes swallowing down large portions of land. It 
is obvious that rivers carry into the sea an amount of sediment 
generally exceeding the eruptions of volcanoes, and if the ele- 
vatory eflects of earthquakes did not exceed those of depression, 

In what way are heat and water antagonist forces ? What is the effect of 
eprings T What is the average resalt of these agencies ? 

D 
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the general tendency would be to reduce the earth to a aniform 
leveL But if, as is stated, the great earthquake of Chile raised 
an extent of 100,000 square miles three feet in height, here was 
the amount of two and three fourths millions of millions of cubic 
feet raised at once above the sea level. Similar elevations may 
occur in places which are at a distance from the sea, and there- 
fore show no obvious proof of elevation. 

Elevation of land in some cases is going on gradually, without 
any appSirent earthquake shocks. This is remarkably the case 
with the country around the Baltic Sea, which is rising at the rate 
of two or three feet per century. This is shown by the marks 
made at various periods to designate the high-water level, and is 
confirmed by the marine shells of species now living on the shore, 
which are found from 10 to 200 feet above the present level of 
the water, and 50 miles inland. 

The coast of Greenland appears to be undergoing a gradual de- 
pression. In this country the Northern States appear to have been 
rising during a geological period not very remote, and perhaps the 
process is yet slowly going on. 

The great problem, therefore, of the general tendency of ex- 
isting forces is as complicated as it is grand in its numerous and 
conflicting elements. 



CHAPTER IV. 

INORGANIC AGENCIES NEITHER AQUEOUS NOR IGNEOUS. 

There are some other physical agencies, of more or less im- 
portance, which we have not introduced in our classification, be- 
cause they are of limited extent Hocks are sometimes split by 
lightning, and terrestrial magnetism or rather galvanism has been 
Bup])osod to exert an important influence, especially in producing 

Givo an oxample of a great amount of elevation; of gradual elevation; of 
gradual depreation. What effecto arti piodaced by lightning and by terrestrial 

maguetigm ? 
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metallic yeins. In districts of fine sand, winds exert an import- 
en. agency in their distribution. It is well known that many of 
the remains of the ancient Egyptian architecture are more or less 
buried in impalpable dust. We are familiar with the accounts of 
caravans on the great deserts of Northern Africst, which have 
been overtaken and buried by moving sand. In Europe some 
villages have been destroyed by the same cause. A few exam- 
ples of such sands in this country are known, but have not at- 
tracted much attention. 



CHAPTER V. 

ORGANIC AGBNOIES. 

Tho operation of organic agencies is of great interest to the 
geologist, because it shows how extensive rock Cbrmations are and 
have been formed. It is a circumstance truly remarkable, that 
animals the most minute, nearly or quite invisible to the naked 
eye, and among the lowest in the scale of beings, are those only 
which are forming solid rocks or deposits of sufficient magnitude 
to engage the attention of the geologist. 

SECTION I.— CORALS. 

The most important organic agency undoubtedly is to be found 
in these well-known structures. 

I. The Animals, — The animals which construct corals belong 
to the class ^oZy/?}, or polypes, and consist of a homogeneous fleshy 
bag, open at one extremity, which is fringed with tubercles. 
The polypi are, however, very minute, seldom exceeding the size 
of a pea, more frequently less than a pin's head, or are even invisi- 
ble. They have the remarkable property of living united in one 
common mass, so that whatever is swallowed and digested by 

What is the agency of winds? What is the rank of those animals which 
prodace important geological effects 7 What is said of the animals that con- 
tract corals? 
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each, contributes to the nourishment of the community by a com- 
mon circulation. The solid coral is not a structure voluntarily 
made by them, but a secretion in which they have as little design 
as the oyster in secreting his shell, or a quadruped in the growth 
of its bones. 

II. Temperature in which Cordis grow. — One interesting result 
of the recent Exploring Expedition has been the knowledge of 
the temperature requisite for the existence of these rock-building 
tnimals. In seas whose temperature is below 66° they do not 
flourish, and hence along the western coast of South America, 
where the water is cooled by an Antarctic current, coral reefs do 
not exist, while in the same latitude on the eastern coast they are 
very extensive. Nor do they build at great depths, as was once 
supposed, but only in water not exceeding a few fathoms. Most 
of the deep soundings in tropical seas indicate a temperature far 
too low for their existence. In colder waters, many species of 
polypes occur, but they do not construct extensive ree&. . 

III. Varieties of Coral Reefs. — Coral ree& are, for the most 
part, either flinging or barrier reefs, or they inclose only a 
smooth body of water called a lagoon, 

1. Fringing reefs are those which occur along the shore. In 
their origin coral reefs may all have been fringing. 

2. Barrier reefs are more or less parallel with the shore, but 
aro separated from it by a broad and deep channel. When an 
island, which is fringed with living corals, subsides beneath the 
waters very slowly, the reef is built up to the surface of the wa- 
ter as fast as the land sinks. After a certain period, the island is 
contracted by its submergence, and the reef becomes a barrier 
reef a a. Fig, 28, are barrier reefs, and b h, the water between 
the island and the reef. 




I * #lMit is the origin of .coral? At what temperature do coral reefs giowt 
I 'At what depths ? What i^re fringing reefe ? What barrier reefe T 
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J. Lagoon redi axe formed in the last stage of ibis pre 



When the island has disappeared, 



a circular reef inclos- 
ing a lagoon. Ftg.29 rep- 
resents a section across an 
island inclosing a lagoon, 
5 b. Such circular reeft, 
with a diameter from one to thirty miles, aro common in ihe Pa- 
cific, and were formerly supposed to be on the summits of volca- 
noes. The following is a view of Whitsunday Island, Fig. 30, 
in which the circular reef has become habitable. 






It is thus easy to determine whether the movement of islands 
is that of emergence or subsidence. Since it is not probable that 
many islands are stationary through pciiods which are geologic- 
ally long, it may be correctly inferred, from the existence of fring- 
ing reefs on islands, that the process is that of emergence ; a con- 
clusion which is sustained by the independent evidence of ancient 
eea-lines and corals within the island. If, however, the reefs are 
Bsparated from the land by broad and deep channels, the island " 
is in the process of subsidence. Near such reefs dead corals are 
found several hundred feet below the depth at which they could 
ha^e been formed. 

IV, Extent of Coral Reefa. — Coral reefe are very numerous in 
mqpy parts of the Indian and Pacific Oceans, and constitute one 
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of the greatest dangers of navigation. Notwithstanding the mi- 
nuteness of the animals, reefs of vast extent are described. 

*' On the eastern coast of New Holland is a reef 350 miles 
long. Disappointment Islands and Duff's Group are connected 
by 500 miles of coral reefs, over which the natives can travel 
from one island to another. Between New Holland and New 
Guinea is a line of ree& 700 miles long, interrupted in no place 
by channels more than thirty miles wide. A chain of islets, 480 
geographical miles long, has long been known by the name of the 
Maldivas. Some groups in the Pacific, known as the Danger- 
ous Archipelago, are from 1100 to 1200 miles long, and fiom 
300 to 400 miles broad." — HL 

V. Rate of Increase, — It has been supposed, on account of the 

existence of shells nearly buried in the substance of corals, while 

the mollusca were yet living, that the growth of corals was rapid. 

But Mr. Couthuoy (zoologist of the Exploring Expedition) finds 

that in such cases the animals in the shells have excavated the 

cavity in t^e reef. On the other hand, the growth is so slow as 

not to present any very satisfactory data for determining its rate. 

Thus the most stupendous effects are produced not only by the 

feeblest agents, but by an imperceptible progress.* 

* "I saw the living pile ascend, 

The mausoleum of its architects, 
Still dying upward as their labors closed; 
Slime the materials, but the slime was turned 
To adamant by their petrific touch. 

" Frail were their frames, ephemeral their lives, 
Their masonry imperishable. All 
Life's needful functions, food, exertion, rest. 
By nice economy of Providence, 
Were overruled, to carry on the process 
Which out of water brought forth solid rock. 
Atom by atom, thus the mountain grew 
A coral island, stretching east and west ; 
Steep were the flanks, with precipices sharp, 
Descending to their base in ocean gloom. 

" Compared with this amazing edifice. 
Raised by the weakest creatures in existence. 
What are the works of intellectual man 
His temples, palaces, and sepulchers ? 
Dust in the balance, atoms in the gale, 
Compared with these achievements in the deep, 



What is said of the growth of coral reefs f 
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SECTION n.-ANIMALCULEa 

The least of all the animal kingdom rank next to polypes in 
importance as geological agents. Some animalcules are visible 
to the naked eye, hut others are only one twenty-four thousandth 
of an inch in diameter, and a number equal to the entire popula- 
tion of the globe might sport freely in a single drop of water ; 
yet their remains constitute strata which are many feet in thick- 
ness. The part most important in this connection is the shelly 
with which a majority of the species are furnished. Fragile as 
such -shells might be supposed to be, yet, as they consist of silex, 
they retain their original form and structure for indefinite periods 
of time. Silicious marl, an impalpable pulverulent deposit, which 
is found usually beneath the beds of peat in Massachusetts and 
other places, chiefly consists of these shells to the depth of sev- 
eral feet. 

The vast quantity of these deposits is less astonishing when 
we consider the fecundity of animalcules, some of which will have 
millions of descendants in a few days. Thus one individual of the 
species Hydatina senta in twelve days may produce 16,000,000, 
and one of another species in four days 170,000,000,000 ; and 
Ehrenberg, to whom science is indebted more than to all others 
on this subject, aflirms, that if the price of tripoli (rotten stone or 
polishing powder, which is composed of their shells) should rise 
materially, he could raise animalcules, and collect the shells, and 
sell them at a profit for polishing powder. Ho has actually ob- 
tained several pounds by rearing the animalcules. We may 
have occasion to notice again deposits of these shells in Germany 

Were all the monuments of olden time. 
Egypt's gray piles of hieroglyphic grandeur, 
That have survived the language which they speak. 
Preserving its dead emblems to the eye, 
Yet hiding fi:x)m the mind what these reveal ; 
Her pyramids would be mere pinnacles, 
Her giant statues, wrought from rocks of granite. 
But puny ornaments for such a pile 
. As this stupendous mound of catacombs.'' — Montgome&t. 

What is said of animalcules ? what of their shells ? What is silicious marl f 
What is said of the fecundity of animalcules 7 What is the thickness of their 
deposits in Germany ? 
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' of the thickness of fourteen and twenty-eight feet, and to describe 
some as existing in this country. 

On account of the great extent of silicious deposits known to 
have originated from this source, some geologists have been in- 
clined to believe that most of the silicious strata in the crust of 
the earth once constituted the shells of animalcules. 

Other species have shells composed of iron rust, and much of 
the iron scum, which may be seen floating on water, consists of 
animalcules. 

This class of animals is not limited to fresh-water deposits, but 
many kinds exist in the sea, and fossil species abound in some 
marine deposits, as in the chalk of England. 

SECTION m.— SHELLa 

Another organic source of rocky strata is to be found in the 
vast quantities of the shells of mollusca and of the crustaceous 
coverings of other marine animals, which are most abundant in 
some parts of the tropical seas. In such regions the sand of 
beaches is often seen to be composed of the comminuted calca* 
reous fragments. So in the ancient palaeozoic rocks of Lake 
Champlain, we find entire ledges composed of pieces of corals 
and shells. It is probable that many beds of crystalline marble 
were originally composed of such materials, and have been sub- 
sequently altered by igneous agency. 

SECTION IV.— PLANTS. 

Plants are well known to form deposits of vegetable matter. 
From their complete decay results vegetable mold, the partic- 
ular consideration of which belongs to agricultural geology. 
While many quickly perish, others are more enduring, and form 
accumulations of muck, peat, and drift-wood. Peat results chief- 
ly from the partial decay of mosses, especially Sphagnum, which 
constantly grows as the older portions decay. Since, however, 
in hot climates the decay of plants is rapid and complete, when 

What is said of iron scnm ? What kinds of water are inhabited by animal- 
cules 7 What is said of the agency of mollusca ? What is the raigin of, reg- 
etable moldl of peat? 
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exposed to atmospheric agency, beds of peat are found only in 
cold cjuntiies. 

Immense rafb of drift-wood are well known to accumulate in 
the lower part of the rivers of this continent. 

The Atchafalaya is supposed to have been formerly the chan- 
nel of Red River, but is no w an arm of the Mississippi. Some 
obstruction occurred, and a mass of timber accumulated, which 
was called ** the raft." After 38 years, in 1816, it was 10 miles 
long, 220 yards wide, and 8 feet thick. The Washita was de 
scribed in 1804 as covered for 50 miles with a raft, on which all 
the plants of the forest, except large trees, were growing. Im- 
mense deposits of drift-wood occur at the mouth of the Missis- 
sippi. 

In a few cases, as in Maine and Louisiana, the process by 
which drift-wood may be converted into coal has been seen in 
its incipient stages. Facts of this kind are of great interest as 
illustrating the origin of the immense beds of coal in the carbo- 
niferous formations. 

Describe the raft in the Atclia£Edaya; in the Washita. What do these froti 
flbMtntef 
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PRINCIPLES OF PALAEONTOLOGY. 

pALiBONTOLOGT treal^s of the remains of animals and plants, 
which have been buried in the strata during former periods of 
the earth's history. 



CHAPTER I, 
PRINCIPLES OF ZOOLOGY WHICH RELATE TO FOSSILS. 

A MINUTE practical knowledge of the natural history and anat-. 
omy of the numerous tribes of animals and plants is essential in 
the investigations of this subject ; but it requires the devotion of 
a lifetime to attain this knowledge in any one of the numerous 
sciences which treat of animals and plants. The geologist, there- 
fore, after becoming familiar with the outlines of these sciences, 
contents himself with depending on the aid of zoologists and bot- 
anists in determining the character and habits of extinct species. 

SECTION I.— CLASSIFICATION OF THE ANIMAL KINGDOBi. 

We subjoin a brief outline of the classification of the animal 
kingdom, as indispensable even to the mere reader of geology. 
About 150,000 species of animals (of which two thirds are in- 
sects) and 100,000 species of plants are known to naturalists. 
The object of classification is not merely to aid the memory in 
the knowledge of such a multitude of objects, but also to exhibit 

Of what does Palaeontology treat? How does the geologist ascertain the 
character and habits of extinct species 7 What is the number of\nown spe- 
cies of animals and of plants? What is the basis of the classification of ani- 
maUt 
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the natural relations of affinity, which constitute the Divine plan 
of their creation. 

The animal kingdom is divided into the following five grand 
divisions, which are characterized primarily hy peculiarities of 
the nervous system. This part is the most important and distin- 
guishing feature of animals, and is therefore the most suitable 
basis of primary divisiona. 

I. Vertebrata. — This division comprises the highest orders of 
animals, with man at the head. The nervous system consists of 
a brain and spinal cord, from which branches are given off rami- 
fying indefinitely through the body. There is also a sympathetic 
system of nerves, which are the source of the involuntary motions^ 
as the beating of the heart, and which originate from several cen- 
ters in the body. Th^ vertebrata, also, are characterized by the 
possession of a skeleton, consisting of bones, which, unlike the 
hard parts of other animals, grow and are continually nourished 
by the circulation of the blood. The organs of the five senses are 
manifest in all of them, and four of the senses have a distinct ap- 
paratus placed in the cavities of the face. Examples of this divi- 
sion are the warm-blooded quadrupeds, birds, reptiles, and fishes. 
The name is derived from the vertebrae or spine. Their fossil re- 
mains, although far less common than shells in the stinta, lead to 
very interesting and important conclusions respecting the condi- 
tion of the surface of the earth duriug the periods of their exist- 
ence. 

II. Articttlata, — The nervous system in this division consists 
of nervous centers arranged in two parallel lines along the length 
of the body, the anterior one in the head being the larger. These 
centers send out nerves, and may be regarded as so many brains, 
the number of which is inversely proportioned to the activity and 
intelligence of the animals. In this division we find an external 
frame-work of jointed rings. Insects, spiders, crabs, barnacles. 

What is said of the nervoas system of the vertebrata? of their skeletons? 
tff their senses? What examples are mentioned? What is said of the nerv- 
oas system of the articalata ? of their frame- work ? What examples are men- 
tioinedf 
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and w uiuM are examples of tbis division. The Dame is deriyed 
from articuluSf a joint. The astonishing namber of individuals, 
their direct or indirect agency on vegetation and ou other animals, 
render the stody of them one of the most important branches of 
Zoology. Bat, with the exception of the cnistacea, compara- 
tively fdw relics exist in a fossil state. 

III. MoUtuca. — ^In the mollusca the nenroos system consists 
7f several incgnlarly-scattered masses, of which one around the 
throat is the largest Most of these animals are covered with 
SDeHs. The study of their shdls belongs tf> the science ofconchol- 
ogy, a subject which is of the highest importance to the geologist, 
for the great majority of the fossils, by means of which the age of 
the geological formations is ascertained, are shells. The study of 
shells becomes, therefore, indirectly of great economical import- 
ance. Thus, inspection of the shells in the rocks of New York 
shows the geologist that the expectation of finding coal in them, 
or in any rocks associated with them, is utterly futile. Univalve 
or bivalve shells are those which are composed, the former of 
one, and the latter of two principal pieces. Of the univalve 
shells, some are divided by partitions into several chambers, 
which are air-tight, and serve as a float to the animal. At the 
present time these are not numerous, but in former geological 
epochs they were very abundant They belong to the class of 
cephalopods (see table opposite). The multivalve shells (those 
which are composed of more than two pieces), for the most part, 
do not, however, l^elong to this division of animals, but to the cir- 
rhopods, a class of articulated animals. 

IV. Nematoneura, — In this division the nervous system is less 
fully developed. It consists of filaments of nervous matter, with 
indistinct masses or centers in a few of them. Examples are 
sea-stars, many intestinal worms, and some animalcules, and a 
few minute marine animals allied to the coral polypes. The 



WliBt is Boid of their nambers ? What is said of the Denrous system of mol- 
luBot? of their shells? What is said of the importance of conchologyf What 
aro univalve and bivalve shells ? What is said of chambered Bhelkr What 
A said of multivalve shells 7 What is said of the nematoneara f 



nnnsiON of the animal kingdom. 

Classes of iJu Animal Kingdom. 



Tt« Iparoot, ■vskltof C Bespiration aerial, 
thoir/oang. i( with longs. 



M 



1 



Warm 
I blood. 



OvipaiDa& ^ r' Coid 

Bespiration aquatic, < blood. 
withgiUs. \ 



H 

P 
O 

H 

as 

< 



< 



White 
blood. 



Terrestrial. < 



Aquatic. 



Bed ( Aquatic or 
^ blood. \ Terrestrial. 



With 6 legs. 

24 or more 
legs. 

8 legs. 

10 or 14 legs. 

No 
legs. 



I 



1 



CLASSES. 

Mammalich 

Birds, 
Reptiles, 

Fishes, 

Insects. 

Myriapods. 

Arachnidans. 

Cmstaceems, 
Cirrhopods, 

Annelidans, 



I 



Beetle!. 
FUes. 

Centipede 

Spiders. 

Scorpions. 

Lobsters. 

Crabs. 

Barnacles. 

E arth worms 

Leeches. 



I 

Q 



With a distinct 
head. 



8 

i 

M 

2; 



Without a dis- 
tinct head 

Marine. 



M 



Naked, or with a 
univsdve shell. 



With a bivalve 
shelL 

Naked. 



I Cephalopods. 
} Pteropods, 



Oasteropods, 
Brachiopods. 
Conchifers, 
^ Tunieata. 
Echinodermata. 



( Nautiloa. 
I Cuttleash. 
Hyalaea. 



1 



Slags. 



< 



Parasitic and Aqoatio. 

Aquatic. 
^Marine. 

Parasitic. 
Marine. 
Aquatic 
Ifaxine. 



Cceldmintha. 



1 



Epizoa, 



i Rotifera, 
Bryozoa, 



\ 



Sterelmintha. 
Aealtphee, 
Polygastriea. 
Polypi. 



Snails. 

Cowries. 

Terebratoku 
( Ciams. 
I Oysters. 

Ascidia. 

Sea stars. 
C Cavitary in- 
< testinal 
( worms. 
Parasites on 
fishes and 
on crabs. 
Wheel ani* 
malcules. 
Flostra. 

Parenchyma- 
tous intesti* 
nal worms. 

Smifish and 
Portuguese 
man-of-war. 

Animalcules 
vrith many 
stomachs. 

Animals 
which ferm 
corals. 



\ 



W PRINCIPLES OF ZOOLOGY WHICH RELATE TO FOSSILS. 

name is derived from the Greek words vijfia aud vevpoy thread 
nerve. 

y. Acrita, — In these animals no nervous system has been rec- 
ognized, and their bodies consist of fleshy or gelatinous masses, 
without distinct organs of digestion or motion. They may be cot 
in pieces with impunity, each part becoming an entire animal, 
and they naturally increase by spontaneous division, as well as 
by offshoots and by eggs. Examples cure the animals which se 
Crete the well-known coral structures, some animalcules, sun- 
fishes, &C, The name is derived from two Greek words, a and 
XpiVGif indiicemible^ because no nerves have yet been found in 
them. 

SECTION XL— ORIGIN AND NATURE OF SPECIES. 

This subject involves two questions — WTien and Tiow does Ore* 
ative Power introduce new species 1 

I. When are species introduced ? Geology shows us that they 
have been introduced from time to time during long periods. 
Some suppose that the introduction of species forms a pait of 
the present order of things. But if it would be difficult to learn 
the precise time when species die out, much more is it to determ- 
ine the year or the century of their introduction. If some are 
now introduced from time to time, it is probable that such an 
event is not more frequent than the extinction of others, and as 
it would be more conmion among the smaller and inferior tribes, 
on account of their numerical preponderance, it might occur fre- 
quently, without being demonstrable. When species before un- 
known are discovered, we know not whether some of them have 
been created within a few years, or whether they have been over- 
looked. It is only when the view is extended tjirough periods 
in which centuries dwindle, like terrestrial distances seen from 
the planetary spaces, that we may speak with confidence of the 
gradtial introduction and extinction of species. 

What is said of the acrita ? What qnestions relate to the origim of Bpecies 1 
What does geology show of the time of their introduction ? What Is said of 
tbe qaestion of their introduction during modem times ? 
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II. How are species introduced ? This question has been much 
cfiscussed, and some of the theories have been supposed to con- 
flict with the great truth of religion, that species are created by 
a Being of infinite intelligence and goodness. Some writers, 
therefore, with more zeal than knowledge, have made upon these 
theories attacks which are too absurd to engage the attention of 
sober science. Whether species are introduced by a special act 
of creation, or whether the actions of the Supreme Being, in this 
as in other events of nature, have such a uniformity and such fix- 
ed principles that we may call them laws of nature, are questions 
which should disturb no man's religious belief. Our limits, how- 
ever, will not permit us to discuss the theories, and we can merely 
give a synopsis of them vnthout adducing any of the facts with 
which they are connected. 

1. One theory supposes that species are introduced by a direct 
creative agency, which is of the nature of a miracle ; that is, can 
not be referred to any uniform course of nature. 

2. Another theory is that of transmutation^ which supposes that 
beings of ^e most simple organization having somehow come 
into existence, the more complex and the higher orders of ani- 
mals have originated in them by a gradual increase in the com- 
plexity of their structure. Of this theory there have been various 
modifications. It was supposed by Bufibn, originally, that there 
were elementary particles of living matter, viz., animalcules, 
whose fortuitous aggregation formed larger animals, which are 
therefore only heaps of animalcules. Lamark supposed that ani 
malcules are elementary particles of living matter, but that the 
larger animals were formed from them by the process of appe- 
tency, which we shall presently notice. The basis of this theory 
and the basis and superstructure of Bufibn's theory, were over 
throvTU by those naturalists who discovered that animalcules have 
a very complicated ovganization. The doctrine of appetency 
supposed that new organs are formed in animals before destitute 

What is said of discussion on the manner of introdaction ? What is the first 
theory f What is the theory of transmutation ? What was Bofibn's opinion f 
Lamark's ? What is said of the doctrine of appetency 7 
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cf diem, by the existence of desires in the animal constantly tend- 
inis in a given direction. Thus the desire of masticating food 
produced teeth, the desire of handling made hands and fingers 
grow, &C. This seems sufficiently absurd, and those who have 
adopted the theory of transmutation have generally detached it 
firom this absurdity, and not attempted to explain how the pro- 
cess of transmutation goes on. 

It was never supposed that the process of transmutation was 
so rapid that any perceptible progress could be made within the 
limits of human observation. But the long periods of geology 
were supposed to afibrd ample scope ; and the idea formerly pre- 
vailing, that species which first existed were of the simplest forms, 
and that the more complex were gradually introduced, seemed to 
corroborate the theory. The geologist, however, finds that some 
of the higher orders were among the early inhabitants of the 
globe, and that while in some portions of the animal kingdom 
there has been a gntdual introduction of the more complex forms, 
in others the process has been retrograde. This theory appears 
to have been suggested by the fact that in many groups of spe- 
cies there is a gradual passage fi:om one to another, without any 
distinct line of division between them. But gradation is not prog- 
ress, and transmutation, therefore, is not logically inferred. 

3. Another theory is that of equivocal getterationy which is not 
exclusively appli^ to the introduction of species, but which sup- 
poses that individuals of species, which may or may not have pre« 
existed, may be generated by circumstances supposed to be fa- 
vorable to such a process. It once had a wide application, and 
bees, flies, snakes, weeds, mushrooms, &c, were supposed to be 
formed in this manner. The substitution of the rigid and exact 
observations which characterize modem science, in plac* of the 
idle speculations of former days, .and especially die use of the 
microscope, have shown the relation of parent and ofi&pring to 
exist in most of these cases, and the unexplored portions of na- 
ture to which this theory is applied are greatly reduced. The 

What is said for and agaioBt the theory of transmatatioii f What is said of 
the theory of equiyocal generatioii 7 of the vitality of seeds andof animakoleB f 
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iiM|uiries on this subject, without confirming this theory, do, how 
ever, extend our views in respect to the vitality of seeds, arid of 
the inferior forms of animal life. Seeds which have been dor- 
mant for centuries have been made to grow, and every one knows 
that the clearing of wood-land is often followed by a different 
jrowth of timber, whose seeds have been for centuries in the 
shade of the forest. Animalcules are known to exist for years 
without manifestations of life, in a state of dry powder, the sport 
of the winds, and on application of moisture have revived. 

We conclude, therefore, that the first hypothesis is correct, viz., 
that each species is introduced by the special direct agency of 
the Creator. 

4. We have yet to inquire into thp question of the unity or plu- 
rality of the origin of species. A variety of considerations, which 
are drawn from the geographical distribution of the species, and 
which are more properly described in zoological works, lead to 
the conclusion that each species was originally created by the 
introduction of many individuals, in some cases in distant regions, 
but more frequently in one region of gi*eater or less extent, and 
that they were, with few exceptions, created in the same coun 
tries which they now inhabit. 

Of the nature of the process by which the originals of the spe- 
cies were created, science is entirely ignorant. 

III. Nature of Species. — The original individuals of a species 
appear to have had the same peculiarities which now character- 
ize races and varieties. The gradation from one species to an- 
other was original in their first creation." Species are, therefore, 
of the same nature as genera; that is, they can be defined only 
as groups collected around types, and they are often destitute of 
well-defined limits. Gradation is thus more logically accouited 
for by original creation than by transmutation. 

What 18 said on the qaestion of nnity or plurality of origin? Wp«t ii said 
of the proeeis of creatioa? of the nature of epeciesT 
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SECnOH IILr-BUSATIOH OF SPECIEa 

I. Means oftkdr PreMerv€Uion. — Nature has not left the indi- 
ndaals of species without many safeguards against the dangers 
to which they are exposed. Yet multitudes of seeds perish with- 
out germination, and the greater portion of the animal kingdom 
perish by violence long before reaching the limit of which their 
life is susceptible, so that a " natural death" is rather the excep- 
tioQ than the rule in nature. But the life of a species, if we may 
so speak, is £»* nme carefully guarded. To every species is 
given a degree of fecundity far beyond that which would be re 
quired for its perpetuity, if not exposed to occasional accidents 
and disastrous seasons; while, for the excessive multiplication 
cmisequent on a &vorable season, checks are provided in the lim- 
ited supply of nourishment, and in the enemies which increase 
by this increase of their prey. Thus individuals may perish in 
countless myriads, but the species endure from age to age, and 
not a few of the feeblest and most minute species have existed 
many times longer than man himself 

II. Cutuf* of extreme Longevity, — ^Without the aid of geology, 
zoology can give us no information on the duration of species, 
for, in the rare cases where the species has become extinct within 
the historical period, it teaches nothing definitely respecting their 
origin. Happily, however, the case of some species now in ex 
istence, and whose remains are found in some of the tertiary 
strata, is full of instruction. Of the twelve hundred and thirty- 
eight species of shells which existed in the earliest of the tertiary 
periods, forty-two are supposed to be identical with living spe- 
cies. If, now, we can satisfactorily account for their longevity, or 
even discover any condition connected with it, we shall obtain a 
view of principles which are highly instructive on this subject. 

Some of the species which have thus survived the changes on 
the earth's surface, that have proved fatal to most of their former 
cotemporaries, hat^ a wide geographical distribution. This " in- 
dicates a capacity of enduring a variety of external circumstan- 

What i& said of the means of their pressrvation f What examples of ex- 
treme longevity of species f of the diatribotion of mch species f 
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ce8, aod may enable a species to survive considerable changes 
of climate, and other revolutions of the earth's surj^e." — Lyell. 
Lucina divaricataf which was introduced in the tertiary periods, 
now inhabits all our cbast south of Long Island, the West Indies, 
and the Mediterranean. Saxicava rttgosa, now living on the 
shores of Europe and America, is found in the pleistocene de- 
posits of both countries, and as far back as the eocene in Europe. 

K thus a species is capable of enduring extremes of climate in 
a wide geographical range, the probability that it is a long-lived 
species may be inferred. Among fossil species, therefore, those 
which occur in several successive formations are the more likely 
to be found in the strata of distant countries, or convei-sely, those 
which 9xe known to have this wide geographical range are less 
likely to be restricted to a single formation. 

Others which have also survived the three great tertiary peri* 
ods, or, in the language of Sir Charles Lyell, " have, like Nestor, 
survived three generations," are species which, living in deep 
water, find a uniformity of temperature and of other conditions 
that do not exist at the surface. Such frequently have, from this 
cause rather than from any innate capacity of endurance, a wide 
geographical range. 

Others, again, are species which have gradually migrated into 
warmer latitudes, as the climate has gradually become colder. 
Several species of shells, which are now found only in a fossil 
state in Middle Europe, are living within the tropics. Hence 
we should derive a caution in inferring the cotemporaneousness 
of distant formations from the identity of a few species, for it is 
possible that some of these formations may have had the same 
climate at periods which, although not far distant on the geolog- 
ical scale, may yet have been by no means cotemporaneous. 

III. Comparative Longevity of different classes of Animals, — The 
species of some classes are much more enduring than of others. 
Of the mammals no living species can be traced further back 

What inferenceB may be made from their wide distribation ? What is said 
of species that live in deep water 7 of the migration of species ? What is said 
of the longevity of species of mammals 7 
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dm the most receiii of die tertiaiy periods. The fossil' remaim 
of birds are perii^is too few to warrmnt anj poduve generaliza- 
tioBSy but those which have been feand bekmgiiig to fermer peri- 
ods are distiDCt from any now tiring. Of fishes which have been 
fennd in greater or less mnnbers in nearly aQ the fessitiferous 
rocks» die same species is scarcely ever feand in two saccessive 
formations. They are, dierefeie, the most serriceable in determ- 
ining the oolemporaneoosness of distant formations. 

Most, perhaps all of die species of fresh-water mollosca, which 
woe introduced in die United Stat^ daring the pleistocene pe- 
riod, condnae at die present time. But the mastodon, megathe- 
riam, and other qoadrapeds of that period, are all extinct, and 
their places hare been filled by other species. In general, die 
species of mollasca hare a greater longerity than the vertebrata. 

SEcnox nr.—Exnxcnox of sp£ci£& 
Since the vast majority of the species, and many entire genera 
and families, whose remains are found in a fessQ state, have long 
since become extinct, any facts of a similar character within the 
historical period become invested with extraordinary interest. 
Of so recent a date, bowcTer, is zoological science, to which alone 
we can look for any information respecting die countless host of 
small species which people the air and die waters, that the facts 
are few and relate only to the larger species. The extinction of 
the fossil species was owing primarily to the constitution of the 
species, and partly to gradual changes of dimate, aided by muta- 
tions in the distribution of land and water. Since the existence 
of man, his agency has had a marked effect in the more or less 
complete extermination of some species, and in the increased de- 
Tc1o])ment of others, to subserre his purposes. Many quadru- 
peds, as the beaver, wolf, bear, &c^ are now extinct in Great 
Britain. The perseverance with which the fiu: trade is carried 
on b rapidly tending to the extermination of many species. 
" Immediately afler South Greorgia was explored by Captain 

What u said of birds f of fishes? of molhucaas oonqiarad wilhvarfeebKatat 
To what was the eztiiictiim of the fo«Bl ipeoM owiqg f 
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CoiDk, in 1771, the Americans commenced carrying seal-skins to 
China, where they obtained most exorbitant prices. One million 
two Jiwndred thousand skins have been taken from that island 
alone since that period, and nearly an equal number from the 
bland of Desolation ! The numbers of the fur-seals killed in tlie 
South Shetland Isles, in 1821 and 1822, amounted to three huud. 
red and twenty thousand. This valuable animal is now almost 
extinct in all these islands." 

•* An extraordinary bird, a native of New Zealand, of which 
but few living individuals are known to naturalists, appears to be 
on the point of extinction ; it is the Apteryx austratisr " This 
bird is of a grayish brown color, and has neither wings nor tail." 
'* The Dodo was a bird of the gallinaceous tribe, larger than a 
turkey, which abounded in the Mauritius and adjacent islands, 
when those countries were first colonized by the Dutch, about 
two centuries ago. This bird formed the principal food of the 
inhabitants, but was found to be incapable of domestication, and 
its numbers therefore soon became sensibly diminished. Stufied 
specimens were preserved in the museums of Europe, and paint- 
ings of the living animal are still extant in the Ashmolean Muse- 
um at Oxford, and in the British Museum. But the Dodo is now 
extinct — it is no longer to be found in the isles where it once 
flourished ; and all the stuffed specimens are destroyed. The 
only relics that remain are the head and foot of an individual in 
the Ashmolean, and the leg of another in the British Museum. 
To render this illustration complete, the bones of the Dodo have 
been found in a tufaceous deposit beneath a bed of lava, in the 
Isle of France ; so that if the remains of the recent bird alluded 
to had not been preserved, these fossil relics would have con- 
stituted the only proof that such a creature had ever existed on 
our planet," — Mantell. 

In Ireland a large species of elk became extinct probably not 
long afler the island was inhabited by man. 

" Its remains commonly occur in the beds of marl beneath the 
peat-bogs." ** In Curragh, immense quantities of the bones of 
the elk lie within a small space, as if the animals had assembled 
in a herd ; the skeletons appear to be entire, and the nose is ele- 
vated, the antlers being thrown back on the shoulders, as if the 
creatures had sunk in a morass, and been suffocated." *' The 
skeleton is upward of ten feet high from the ground to the high- 

What 18 said of haman agency in the extinction of species 7 What is said 
of the Irish elk ? 
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point of the anderB, wliicb are palmated, and from ten to four- 
teen from one extremity to the other." *' In the county of Cork, 
a human body was exhumed from a wet and marshy soil, beneath 
a bed of peat eleven feet thidk ; the body was in good preserva- 
tion, and enveloped in a skin covered with hair, which diere was 
every reason to conclude was that of the elk. A rib of the elk 
has also been found, in which there was a perforation that evi- 
dently had been formed by a pointed instrument while the ani- 
mal was alive, for there is an eSusion of callus or new bony mat- 
tor, which could not have resulted from something remaining in 
the wound for a considerable period ; such an effect, indeed, as 
would be produced by the head of an arrow or spear. There is, 
thoroforo, presumptive evidence that the race was extirpated by 
the huntor-tribes who first took possession of the British Islands." 
— Mantell, 

13 ut the most remarkable of all the species which have become 
extinct within the historical period are those of Dinomis, a genus 
of birds, some of which were of enormous size, far exceeding the 
ostrich. Their bones are found in recent deposits in New Zea- 
htiul, and the natives have a tradition of the former existence of 
this bird, which they called Moa, It was allied to the Apteryx 
in its characters, being without wings. The thigh bone of the 
larger species was upward of two feet in length. Being the 
only land animal in that country of sufficient size to furnish food 
to the people, it was probably exterminated by the early inhab- 
itants. 

These are the only animals which are known to have become 
extinct since the commencement of man's existence. Many 
which flourished during the periods immediately preceding have 
since become extinct, but so slow are the changes in nature and 
so long is an entire period, the unit in geological computation, 
that it is not easy to determine whether any such were in exist- 
ence in the earliest days of our race. 

SECTION v.— GEOGRAPHICAL DISTRIBUTION. 

The geographical distribution of animals and plants is a sub- 
ject of great importance in its application to geology. Although 
the subject is so copious in its details that it can never be 

What is said of the genus Dinornis f 



DISTRIBUTION OF SPECIES. 95 

baustedy a few outlines may be sketched as sufficient to give 
some general view. The common observer, who is unaccus- 
tomed to careful discrimination between the species, especially 
of small animals and plants, which nearly resemble each other, 
is not aware of the great difference between the Fauna and Flora 
of different countries. Thus of the species of shells in the "West 
Indies, probably less than one in one hundred exists in the New 
England States. The native quadrupeds of the United States 
are specifically distinct from those of Europe. Of the countless 
hosts of insects, few, if any, are common to both sides of the 
ocean, except those which have beeii " transported by human 
agency. 

The distribution of the species, apart from the influence of 
human agency, depends on the places of original creation, on 
climate, and on station or the kind of place which their habits 
require. Climate and station have influenced distribution in two 
ways ; by determining, in the Divine plan, the place of original 
creation, and by restraining subsequent dispersion. 

I. Places of Original Creation. — A few species appear to have 
been originally introduced into different countries. Thus a small 
snail, Helix pulchella, is aboriginal in both Europe and the Unit- 
ed States. Fresh-water fishes of the same species inhabit dis- 
tant rivers. But more fi*equently the places of original creation 
of the individuals of a species are adjacent. 

II. The connection between climate and distribution is very ob 
vious. Let any one travel a thousand miles of latitude, and he 
will find that he has left behind him a great majority of the fa- 
miliar species. Let him go two thousand miles, and the appear- 
ance of a single species which he has been accustomed to see 
will be an era in his wanderings. Not only so, but there will be 
a striking difference in the more comprehensive groups : whole 
genera, families, or even orders have disappeared, and new ones 

What is said of the differences in the animals of different countries? On 
what does the distribation of species depend 7 In what ways have climate 
and station influenced distribution 1 What is said of the places of original 
OEeationf of the connection between climate and distribution t 
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•unround him. On the other hand, an equal change of longitude 
will present fewer changes in the more comprehensive groups, 
and in the species, which changes will he found chiefly depend- 
ent on intervening harriers of mountains, water, &e. 

In some cases whole trihes of animals and plants^and in others 
the individuals of particular species only in a genus, are equally 
affected hy climate. 

Thus the whole trihe of palm-trees and many families of shells, 
either exclusively or with the exception of a few of the smaller 
and less characteristic species, such as the cowry family, with 
their richly-colored and highly-polished shells, are found in great 
profusion only in hot climates. The oaks, if found within the 
tropics, are on elevated regions, where they have the climate 
proper to a higher latitude. Again, there are some genera which 
exist in all climates, as Helix (snails), hut are represented in 
each climate by peculiar species. In most cases there exist pe- 
culiarities by wnich the experienced naturalist can distinguish 
the spocies of one climate from those of another. Rarely the 
same species exists in very different climates. The Lucina di- 
varicata mentioned on page 91, and a few others, are exceptions 
to the general rule. A peculiar class of examples of this kind 
are tlie migrating animals, which find a greater uniformity of 
cliinuto by changing their abode as the season changes. From 
thoHn factH wo should expect, if the climate had ever been uni- 
form over tlio surface of the earth, that species would have had 
a much wider geographical range than at present, and this ap- 
puurs to have boon the fact in the earliest periods. 

III. The circumstances of station restrain the dispersion of 
species. Bodies of water interpose an obstacle to the distribu- 
tion of terrestrial animals ; fresh water to the marine, and salt 
water to the fresh water species. Deserts and mountains sepa- 
rate zoological as well as political provinces. Islands have their 
peculiar Fauna and Flora. Some species can exist only on cer- 
tain geological formations ; thus the larger and heavier land-shells 
of some tropical countries exist only in limestone regions, and 
the land-shells of tliis country are far more abimdant in such 
districts, although not exclusively confined to them. Some re- 

Wliut oxainplos are mentioned ? In what ways do the circamstances of 8tft> 
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quire dry and others wet land; some pure, and others impure 
water; some live on sand, others in mud; some on high land, 
others on low land ; some in deep water, others on shore. A 
few species, again, can accommodate themselves to a variety of 
stations. All these facts it is the business of the zoologist to in- 
vestigate, and on him, consequently, the geologist is dependent for 
the means of drawing conclusions. 

Sometimes there is a peculiar grouping of species ; as when a 
river flowing into an estuary mixes terrestrial, fresh water, and 
marine species in the same deposit ; or when beasts of prey drag 
Into caves the carcasses of various animals ; or when the hermit 
crabs,* so abundant in hot climates, and with amphibious habits, 
occasionally mingle terrestrial and marine shells on the open 
coast without fiuviatile agency. 

In the application of these general facts to the case of fossils 
of extinct species in older formations, no universal rule can be 
given by which to determine whether a given species inhabited 
a hot climate or otherwise, but the decision must depend on its 
zoological affinities. If the species belongs to a group which is 
found exclusively in the tropics, the probability that it was trop- 
ical will be very strong ; and if a large number of such species 
are found in the same formation without any which are proper to 
colder climates, the conclusion may be considered certain. If, 
however, the extinct species belong to a group which is univers- 
ally distributed, and if it has none of the distinctive marks of 
climate on it, it will fail of establishing any conclusion respecting 
the climate. 

From the peculiarities of station which characterize not only 
species, but more comprehensive groups, the geologist is usually 
able to make yery interesting and important inferences respecting 

* Grabs, whose instinct leads them invariably to enter the empty shells of 
dead molluscs for the protection of their bodies, that are not samciently pro- 
tected by the thin crust with wWch they are covered, are called "hermit 
crabs." 



What peculiar groupings of species are mentioned 7 What is said of infer* 
•aces respecting tiie climates inhabited by the fossil species? What inferen 
ces respecting the -geography of ancient periods f 
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tlia geography of a region, at k was at die time wliea die apexes 
now estinct was in existence. 

Fossil shells show whether die deposit was made in firesli or 
salt water ; or if species of bodi fresh and salt water are mingled, 
it will be generally inferred diat the deposit, especially if die lay- 
ers form a basin-shaped depression, was made in an estnary into 
which a river emptied. The depth of the water may often be 
inferred from the genus to which the fosml belongs. The char- 
acter of the shells will also show whether it was a sandy or a 
muddy shore ; in this particular, however, merely confirming the 
inferences made from the mineral characters of the strata. Fos- 
sil plants show not only the temperature of the climate, but its 
humidity, and the general features of the surface. The geological 
Htudont will find in the copious details of zoology, with which we 
are not here concerned, that the geological inferences are as full of 
Interest as are the zool&gical premises from which they are made. 

Terreatrial animals are, for the most part, distributed in the fol 
lowing manner. Commencing with the Arctic regions, the same 
species generally occur in both hemispheres. In the temperate 
regions, most of the species of North America, Europe, and Asia 
am peculiar to each of these regions, but are very similar to each 
other. In tho tropical regions the differences are greater. In 
the Houthorn extremities of the great bodies of land. New Hol- 
land, South Africa, and Patagonia, the differences are greatest. 

Tho details of the subject of geographical distribution vary in 
difft^rent cltissesi and oven in different families and species of the 
AUinti class. Some are dispersed over regions of several thousand 
miles in diamotor, while others of the same genus or family are 
it^strictod to a few square miles. 

SECTION VI.-J)BTERMINATION OF ORGANIC RE&IAINS 

Wt^re wo permitted to go into details, it might easily be sbown 
in what umnnor important inferences may be drawn from very 

UoNv umy frtMlt->>iitor deposits be recognized? How estoaiy deposits T 
WImt othor informiition may be derived fitim fiissil shells T What from fossil 
\\\m\U t 1 low are torrestml animals distributed T What is said of the differ 
pm*4* hi thf> cu[tt«iit of distribution of difiereot^MdesT 
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imperfect remains of animals and plants. Oflen only a tooth, or 
a few scattered fragments of bones, or even the tracks, may be 
all the relics which remain to testify to the character of the ex- 
tinct species. The determination of the character of organic re- 
mains, therefore, becomes a problem of the highest importance^ 
and often taxes to the utmost the resources of science. Nor is it 
a question of scientific interest only ; for, since the real character 
and the age of the rock is to be detiermined usually by the nature 
of the organic remains, it becomes a question of great practical 
interest. 

Not only zoology and botany contribute from their boundless re- 
sources to the aid of the geologist, but comparative and vegetable 
anatomy render no less efficient aid. Every tribe of animiils has 
some peculiarities, of which some are necessarily connected, and 
others are invariably associated without any obvious connection. 

An example of the necessary relations between parts may be 
seen in the relation of the claws of the tiger, or of any kindred 
species, to the other parts of the animal. The sharp, curved, re^ 
tractile claws are fitted for seizing and tearing its prey, and all 
the other parts appear to be necessarily associated with them. 
The teeth must be sharp, and adapted for cutting flesh rather than 
for bruising grain ; the food being flesh, the digestive apparatus 
must be less complicated, and the intestines not a quarter as long 
as in herbivorous animals ; and the general form and structure 
must be consistent with agility in order to seize the prey. All 
these and many more details would be inferred from finding a 
single retractile claw, whether it should belong to any known or 
unknown species, and with the aid of zoology all the general 
characters of the tribe of carnivorous mammals, with their anato- 
my and physiology in their numerous details, would also b^ in- 
ferred. 

Of the characters which are invariably associated without ap* 

Why are imperfect fossils often important to science ? Why are organic re- 
mains of ect>nomical importance ? What sciences aid in determining fossils f 
Describe' the example of necessary relations of parts. What is said of assooi- 
ted characters f 
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pftrent reMOO, we bs ve a ftrikmg ewjopfe in tbe mmhianlB, £ar 
every cknren'fboted qnadroped €hews die cod, and thus die niiiiH 
ber of •tofliachs is infallibly ioferred fiom die characters of die 
foot. The naturalbt is familiar widi munbeiiess examples of diis 
curious principle in zoology. It extends even to color and cloth- 
'«ig as well as to form and structure, so that certain colors only 
m\\ be found in certain species or groups of species. 

Both of these principles are familiar facts in reference to well- 
known animals. A single tooth of a horse will show not only to 
what kitid of animal the tooth belonged, but even his age; and 
oviiry one knows that a green horse, a blue dog, or a red elephant 
lire) OS unlikely to exist as a ruminating quadruped with four 
toon or with the solid hoof. Now those who are as familiar with 
tho various tribes of organic nature as the husbandman is with 
his oatthi, are ablu to make similar inferences respecting the mul- 
f itiuh) of HpnciuH with which the mass of mankind are unacquaint- 
ed. Thus, when a single tooth of the iguanodon was shown to 
(/uvior boforo tho discovery of the skeleton, he laid down the 
ohiinuMorrt und habits of that herbivorous reptile with au accuracy 
w)u('li tho HubMt)(|uunt discoveries have only confirmed. A single 
fl»h Ht'tilo wuH found in the intestines of an ichthyosaurus, and 
i)i(»wu to Pn)foH8or Agassiz, who recognized it as belonging to 
nu t^xtinot spocios known to him, and he was able to j)oint out 
i\w purt of tho fish to which it was originally attached. 

In the vogetublo kingdom, although many general inferences 
limy Ik) mndo from parts, yet details can not oflen be deduced in 
thin wny, and tht^ geologist finds fragments of plants withe lit be 
\\\\i wh\%^ to dtvoide whetlier they belonged to the same or to dif- 
Ibittut HptH^ies. 

WUhI ikmiUnr t»KMi)pl«« «r« montioned t What is said of Oimer T of Agas 
ikf ofiha utiUly uf fta|in«ikts of Ibanl plants? 
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CHAPTER II. 

FOSSILIZATION. 

The proportion of the various tribes of animals which are 
found in a fossil state must depend not only on their number, but 
on the facility with which they may be preserved. It becomes, 
therefore, of great importance to consider this subject, in order to 
avoid erroneous conclusions respecting the Fauna and Flora of 
former epochs. Thus two thirds of all the known species of or- 
ganic remains are shells, but it is not to be inferred that molluscs 
constituted two thirds of all the organic beings in existence. 
The durability of the part^, the agents of burial, and the nature 
and process of petrifaction, are the principal topics. 

SECTION I.— DtRABILITY OF ORGANIC BODIES. 

The durability of parts of the bodies of the vanous tribes of 
animals and plants differs extremely, and is found to correspond 
to a considerable extent with the relative quantity of their re- 
mains which have been found in a fossil state. It is therefore 
important to consider this subject a little in detail. 

I. If Vertehrated animals are buried so deep beneath a mass 
of sand or mud that their putrefying bodies can not rise to the 
surface, their skeletons will be preserved entire. If, however, 

« 

they are not thus buried, they will, soon after the commencement 
of putrefaction, from the formation of gases, become lighter than 
the water, and float on the surface ; decomposition will be more 
rapid, and the bones will fall scattered to the bottom, and be 
gi*adually covered by the deposits of mud or sand which may be 
going on. Birds, however, are always buoyed up by their f ;ath- 
ers, and hence only scattered bones are likely to be presf tved. 

■ ■ - ■ ■■ ■■ ^^ I ii« ■ ■■■■■■■MM ■ I ^— .^^^^M !■■ — ^— .» I — ■ « I r»^w^w^»^-^»^i 1^ ■ mm^m^^mmmm 

What Id said of the proportions of varions tribes of fossil remains? What 
are the three principal topics relating to fossilization ? What is said of thf 
durability of the parts? What is said of vertehrated animals? of birds ? 
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dbo beng^ tobofar. aze more likely to be cmabed 
ate»e of od>er l e rtehtJia . Tbe akdetons <^ some fishes, as 
«^=**^*. ben^ caztOaeinofis, are more subject to decay, bat 
tiM£&, becng Terr bard, are preserredL Accordingly, the 
chT herds are extfeaady rare ; and while the skeletons of 
kindiS a££shies are commoii, it is seldom that any thing more 
tbe teeth of sharks is Ibond. Birds, howerer, fineqaently 
leATe daesr sncks in fine sand and mad to be baried by additional 
lajVR of scdaner,!, and aldioiigh little search has been made by 
layifi? opea <cr&:A on the bu&ks of rirers and on the shores of 
tise 962. m c^iz^ber of exs=sp!es have been fbnnd. It will be seen 
in nie i«iqpe2 i2::a2 the tracks of birds are hr more frequently found 
in the rocks ihxn are anr ocber relics of them. 

IL Of tit Articmlai^i ; insects, aldKmgh far more numerous 
than any or all other classes, except the animalcules, are very 
rarely preserred. The naturalist, in searching for objects of nat- 
oral htstOFY, rarely finds dead insects. Muhitades of them, with 
a ferocious actiTity, prey upon each other. On the water or on 
the land ihex are the favorite food of numerous tribes of verte- 
brata; bats, lizards, frogs, fishes, and birds devour myriads. 
Permeated by the innumerable air tubes of respiration, they after 
death speedily decay by atmospheric agency. Being from the 
same cause lighter than the water, they are rarely buried, but, 
like birds, float on the sor&ce, without, however, eventually drop- 
ping any solid parts, but either decaying or becoming the prey 
of fishes. Rarely, therefore, either in the recent or older rocks, 
are their remains found. Yet as it would obviously be incorrect 
to infer, from the paucity of their remains in alluvial deposits, 
that few exist at the present day, so it would be equally erro- 
neous to infer positively that they were not more numerous in 
former periods than the number of their remains would indicate. 
The remains which have been found are either those of insects 
that frequent- water, and are therefore more likely to be buried 



Whfit ifi said of cartilagioous fishes? of bird tracks? of insects? How ia 
lli(t ficnrcity of fossil insects accounted for? What kinds of fossil insects are 
fiMifulr 
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in the mud, or the elytra of beetles, which are the most inde- 
structible parts. 

Of the Myriapods the same remark may be made : covered 
with crustaceous rings of about the consistence of the harder 
parts of beetles, they are about equally durable, ^nd are found 
about as frequently in their haunts. 

Of the Araxihnida a majority are extremely frail, but a few, es- 
pecially the scorpions, are as durable as any of the beetles, being 
covered with a hard crust, and a few have been found in a fossil 
state. The most durable species of this class are, however, not 
aquatic. 

Most of the Crustaceans are covered with a crust much harder 
than any of the preceding articulata, and parts of some of them 
have the solidity of bones. They are mostly marine; some, es- 
pecially of the minute species, inhabit firesh water, and a few only 
are capable of living on dry land. They are, therefore, much 
more frequently preserved. 

Of the Cirrhopods, many are covered with true shells of solid 
carbonate of lime, and as they are marine, there can be no rea- 
son why they should not be preserved in as large proportion as 
any tribes of organic beings. From their deficiency in the geo- 
logical formations, it may quite safely be inferred that the class 
is of comparatively recent introduction. 

Annelidans are less durable than the myriapods, which they 
resemble in their general form. But many of them are aquatic, 
and, having the habit of burying themselves in the mud or sand, 
are not very unlikely to be preseiTed, notwithstanding the ex- 
ceeding frailty of their structure. It is quite remarkable that 
some of the oldest animals yet described as existing in any geo- 
logical formation are marine worms with very slender and per- 
ishable bodies. Their remains, although distinct, usually resem- 
ble faint impressions. The tracks of earth-worms, which are so 
abundantly seen immediately after a heavy rain has driven them 
out of their holes, are often in a situation to be soon covered with 



lYhat is liiid of myriapods? of the arachuida? of crastaceans? of cirrho- 
pods ? of annelidnns? of their fossil remains? 
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a layer of mad, and are quite likely to be presenred. Impres- 
sions on some of the solid rocks probably have a similar origin. 

III. Of the Mollusca, those which are destitute of shells are 
very perishable. Hence their remains are rare. 

But a great majority of the mollusca are furnished with durable 
calcareous shells. Of the several classes, the shells of the gastro- 
|K)ds and conchifen.are most solid and durable, and the latter 
most abound in species whose habit is to live buried in sand or 
mud. Yet in the older formations they are either very rare or 
entirely wanting, and the shells of the cephalopods and brachio- 
pods are far more abundant, although at the present time they are 
extremely rare : whence it may be safely inferred that the pro- 
portions of these great classes have been totally reversed. 

Of land-shells, the actual number of living species is probably 
nearly as great as of marine species. But since the species, fof 
the most part, have a much more restricted distribution, they ar6 
comparatively less known to naturalists. The same cause may 
be an obstacle to our knowledge of extinct species. Terrestrial 
shells are also much less likely to be imbedded and preserved. 

IV. Of the Nematoncura^ the echinodermata are covered with 
shells, which are densely crowded with calcareous portions, only 
less solid than the shells of molluscs and cirrhopods, and, firom 
their marine habits and great numbers, they are likely to be pre 
served. Their remains are common in many of the formations. 

The rotifera and bryozoa are not uncommon in a fossil state, 
as they are aquatic, and have h^rd parts which are silicious or 
calcareous. Of the parasitic classes of nematoneura, it would 
perhaps be premature to say much of the probability of their ex- 
istence in a fossil state; less solid, however, than most of the 
other classes of this division, they are less likely to have been 
preserved, if they existed. 

V. Acrita, — The acalephae, although marine, being mere gelat- 
inous masses, with but a few grains of solid matter, are very un 

What is said of the mollusca which have no shells 7 What shells are the 
most durable 7 What aro most abundant in a fossil state 7 What inference 7 
What is said of land-shells 7 of echinoderms 7 of the acalephss 7 
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likely to be preserved. The absence of the remains of these 
anirnals from geological formations affords, therefore, little proof 
that they did not exist. Of the poly gastric animalcules, the many 
which had shells of flint leave their shelb in extensive deposits, 
as before remarked. 

Of the polypi a few species are naked, and although marine, 
their sofb gelatinous bodies could scarcely be preserved. But 
the great number of coraliferous species are engaged in the in- 
voluntary labors which we have before described, and their du- 
rability is proved by the remains of corals in nearly all the fossil- 
iferous rocks. 

Sponges have sometimes been regarded as animal and some- 
times as vegetable bodies. Their situation is favorable to fossil- 
ization. So fine is their texture and permeable to mineralizing 
agents, that the microscopic investigations of late years have shown 
that many flint nodules in chalk consist of sihcious petrifactions of 
sponges. They are not numerous in the older formations, and, had 
they existed abundantly in the most ancient periods, it is proba- 
ble that their remains would have been abundantly preserved. 

SECTION n^BUBUL OF ORGANIC BODIES. 

I. Human agency has exerted a powerful effect in depositing 
in the earth the relics of man himself, both human skeletons and 
objects of art. 

During the war between England and France, in the earlier 
part of the present century, 125 British ships of the line and frig- 
ates, and an immense number of smaller vessels, went to the bot- 
tom. The other European powers suffered a much greater loss. 
During the year 1849, there were 5QQ British vessels wrecked. 
Probably more than 3000 European and American vessels arc 
annually lost. Coins in immense quantities, seals and ornaments 
consisting of the hardest minerals, and often engraved, and du- 
rable articles of glass, earthenware, &c., are thus buried in the 
marine strata which are now in the process of formation. 

What is said of polypes ? of sponges ? What are the effects of human agen 
ty t What is said of the loss of vessels ? of the burial of works of art in nam 
rineitrataT 

E2 
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Human bones are as durable as those of other animals. Cu- 
vier says, that *' in ancient fields of battle the bones of men have 
Buffisred as little decomposition as those of horses which were 
ouried in the same grave." They have been found in a fossil 
state, and even in solid rocks. The most remarkable instance is 
that of the skeleton found m a fragmentary rock in Guadaloupe. 
But as this rock b daily increasing by the minute fragments of 
shells and corals which are united by a calcareous cement, no re- 
mote antiquity can be ascribed to these remains. In short, <ill the 
remains of man are limited to deposits which are of recent ongin. 

II. Natural Agencies, — A large majority of the organic bodies 
which are imbedded in the strata now forming are buried by 
aqueous agencies. In a few instances, bodies have been pre- 
served without the agency of water. Thus bodies of men, and 
remains of birds and eggs, have been found in guano ; and the 
moving sands of deserts bury various objects which may be pre- 
served indefinitely. Animals are often buried in caves and fis- 
sures by inundations, of which numerous examples have been 
found ill Europe. Peatbogs also preserve the bodies of animals 
which are mired in them. Peat also accumulates over and pre- 
sorvos prostrate forests. The only vestiges of the forests described 
by Julius Caesar, along the great Roman road in Britain, are the 
(t\inks of trees in peat. In frigid climates, animals are sometimes 
^uiombed for ages in ice. 

The ejections of volcanoes, as we have seen, may bury even 
entire cities, and various organic bodies may be preserved in the 
same manner. 

Floods and storms often bury immense numbers of organic 
beings. In 1787, on the coast of Coromandel, there was a flood 
occasioned by a hurricane which drove the waters of the sea in- 
land 20 miles. This flood covered the country with mud, in 
which were the bodies of 10,000 inhabitants and 100,000 domes- 
tic animals. When, however, animals are buried permanently 




What is said of the durability of human bones 7 What is the character of 
natural agencies 7 Give examples of agencies not aquatic. What is said 
floods nnd Mfirms on seaK^oasts 7 
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beneath the water, the probability of their preservation is much 
greater Such may have been the effect of the earthquake wave 
which in 1780 rushed over the city Savanna la Mar, in Jamaica, 
and swept away the whole town, leaving not a vestige of man, 
beast, or habitation on the surface. 

But the most efficient agents are the floods of rivers, by which 
plants and animals are borne into deep water and often into the 
sea, and permanently submerged. In these cases the bodies may 
be buried at once beneath a heavy mass of sand and stones. 
Even marine animals are often destroyed by the mass of mate- 
rials swept down in floods. * 

" We are informed by Humboldt that, during the periodical 
swellings of the large rivers in South America, great numbers of 
quadrupeds are annually drowned. Of the wild horses, for ex- 
ample, which graze in immense troops in the savannah, thou- 
sands are said to perish when the River Apure is swollen, before 
they have time to reach the rising ground of the llanos. The 
mares, during the season of high water, may be seen, with their 
colts, swimming about and feeding on grass, of which the top 
alone waves above the waters." • • • " In Scotland, in August, 
1829, a fertile district on the east coast became a scene of dreads 
ful desolation, and a vast number of animals and plants were 
washed from the land, and found scattered around the mouths of 
the principal rivers. An eye-witness thus describes the scene 
which presented itself at the mouth of the Spey, in Morayshire : 
For several miles along the beach, crowds were employed in 
endeavoring to save the wood and other wreck wdth which the 
heavy rolling tide was loaded ; while the margin of the sea was 
strewed with the carcasses of domestic animals, and with millions 
of dead hares and rabbits.' " — JLyell. 

The solid parts of marine animals, as bones of fishes, and the 
shells of molluscs, of Crustacea, and of echinodermata, are of 
course oflen, at the death of the animal, in places favorable for 

What is said of the floods of rivers 7 What example in Soath America f 
Describe the example in Scotland. What is said of the situation of the solid 
parts of fishes and other marine animals ? 
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preservation, or are swept into such places. Thus, to the east 
of the Faroe Islands, a bed of sand and mud, full of broken and 
entire shells, has been traced for twenty miles ; and for the space 
of three and a half miles in length, the mud is so full of fish bones, 
that the sounding lead is seldom drawn up without some verte- 
brae attached. Between Gibraltar and Ceuta, fragments of sbells 
have been found on a gravelly bottom at the depth of 4800 feet, 
carried thither by a current. Fishes are also buried by sub- 
marine eruptions of lava or mud. 

Most of the genera of mollusca have aquatic habits, and exist 
in great numbers in places favorable for their preservation. Not 
a few live buried in mud or sand, where after death only the soft 
parts perish. The proportion, therefore, of those which are pre- 
served should by far exceed that of any other division of the ani- 
mal kingdom. We are, therefore, not surprised that fossil shells 
should constitute the greater portion of many strata of the fossil' 
iferous rocks of all ages. 

SECTION m.~MODES AND DEGREES OP PRESERVATION. 

I. Petrifaction consists in the substitution of particles of min- 
eral matter in the place of the particles of vegetable or animal 
matter, and consequently preserves the structure of the original 
body. In some cases this process is known to take place at the 
present time, as when bones are enveloped in clay containing sul- 
phuret of iron. Sticks, nuts, &c., in a place where bog iron ore 
is accumulating, are found to have been converted into ore, prob- 
ably within a few years. Leaves have been artificially baked in 
clay, and then resembled ancient petrifactions. But little, how- 
ever, is known of the process of petrifaction, for the chemical con- 
ditions favorable to it are more likely to exist under a pressure 
of superincumbent materials excluded from the air. 

II. In some cases the space occupied by the organic body is 
left empty, and only a Tnold remains. When this is filled with 
mineral matter, we have a cast of the body, which differs from a 

What is said of the habits of most mollusca ? What is petrifaction ? What 
modem examples of petrifactioa are mentioned f What are molds 7 easts f 
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petrifHCtion in the absence of an organic stmcture. The interior 
of shells is usually filled with sand or mud, and when the shell 
subsequently decays without petrifaction, a cast of the interior 
only remains. Frequently we find casts of the shells themselves 
containing the casts of their interior. 

III. The calcareous shells of molluscs and of echinoderms, and 
the bones of vertebrated animals, are oflen preserved through sev- 
eral geological periods without other change than the loss of the 
animal matter. Multitudes are found in this condition in the ter- 
tiary and cretaceous formations. It is obviously inaccurate to call 
such fossils petrifactions. 

In Siberia a mammoth and a rhinoceros have been preserved 
since the pleistocene period in ice, with their flesh entire. Hu 
man bodies have been preserved in peat bogs for more than a 
thousand yeai*s. 

IV. Various bodies are incrusted with depositions of carbon- 
ate of lime from calcareous springs, and are often, but very erro- 
neously, called petrifactions. They are not fossils unless they be* 
long to a remote period. 

SECTION IV.— COMPARISON OF THE NUMBER OF FOSSIL AND LIVING 

SPECIES. 

It may be interesting to show, in a tabu ar form, the compar 
ative number of species known to be living, and of those which 
have been found in a fossil state. 

Claf ses or dhrisions. Living species. Extinct species. 

Mammalia 1,500 275 

Birds 8,000 20 

Reptiles 1,500 120 

Fishes 8,000 1,500 

Insects 100,000 250 

Articnlata 3,000?.... 500 

(Other than insects.) 

Molluscs 20,000 6,000 

Polypi 1,000? 900 

Echinodermata w 200 700 

Animalcules 800 100 

Plants ^ .100,000 ...1,800 

244,000 12,165 

What examples are mentioned of preservation without petri&ction ? What 
it taid of incrustations ? What is the number of known species of existing 
imals and plants T of extinct species ? 
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In this eompanBon, the firat column comprises the species of 
one period, and the second those of hundreds of periods. The 
comparative deficiency in the number of extinct species is due to 
three causes : first, the liability of many tribes to perish without 
being fossilized; second, the small portion^ of the fossil remains 
which ^pear on the sur&ce, the great majority being concealed 
mdiin the strata, while the living species are on the surface, and 
exposed to notice also, in the case of many animals, by their habits 
of activity ; third, the greater number of observers and collectors 
of the existing species of animals and plants. Of so much conse- 
quence are these three principal circumstances, that, with some 
exceptions, it would be mere speculation to make a definite com- 
parison of the actual numbers of living and of extinct species. 

Why are to few extinct species known f 



PART III. 



HISTORY OF THE EARTH. 

The first and second parts of our subject may be regarded as 
j)reliminary to ther third, in which we come directly to the history 
of the earth. In this history the geologist ^escribes the condi- 
tion of the earth in successive periods, in respect of the distribu* 
lion of land and water, the features of the land, the climate, the 
sedimentary deposits and igneous rocks, and the successive gen- 
erations of animals and of plants. 



CHAPTER I. 
SOURCES OF KNOWLEDGE. 

The direct sources of knowledge are to be found in the rocks, 
which have been formed during the {successive periods of the past. 

SECTION I.— RELATIVE AGE OF THE STRATIFIED ROCK& 

The basis of the whole history is a knowledge of the relative 
age of the rocks. 

I This is ascertained primarily from the position of the strata 
of the sedimentary rocks. It is obvious that the vertical order in 
a scries of the strata is the order of time ; that the lowest sti-atum 
was first deposited, and that the uppermost one is the most re- 
cent. In this way we learn the relative age of those stratified 
rocks which are found in junction. 

What does Geology describe in the history of the earth ? What is tlie basil 
if the history 7 What may be learned from the order of the strata ? 
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II. But all the strata do not occur in any one place in junction, 
and their relative age is usually ascertained in the following man- 
ner : If the actual chronological order be represented by the 
order of the letters of the alphabet, we may have in one place 
the series A, B, C, E, G ; in another, C, D, E, F, G ; in another, 
A, B, M, N, P, &c. Thus the parts of a complete series occur 
in different places. These parts may be an*anged with ease and 
accuracy in the order of time, provided that we are able to iden- 
tify synchronous strata ; or, to recur to our illustration, when the 
formations A, B, C, E, G occur in one place, and C, D, E, F, G 
in another, we must be able to identify C and E in the second 
series with C and E in the first series. This is done by the^*- 
sils. Each formation is characterized by peculiar fossils ; and, 
having become acquainted with the species in the formations in 
each local series, we find that those of C and E are the same in 
both series. We then infer the synchronism of these formations* 

But since the species of animals and plants differ widely on 
distant parts of the earth's surface, we can not expect thus to de 
termine an exact synchronism between the formations of very 
distant countries. This difficulty is found to be less in the older 
formations than would have been anticipated, because it appears 
that there was, during their deposition, a much greater uniform- 
ity in the animal and vegetable kingdom than at the present time. 
The differences also between the Faunae and Florae of periods, 
which are in geological time quite remote from each other, are 
greater than between those of a given period, which are geograph- 
ically distant; 

III. Another means of directly proving the relative age of 
rocks occurs when we find the fragments of one stratified rock 
in another. The inference is then unavoidable, that the first was 
not only deposited, but consolidated before the latter was formed. 

IV. The synchronism of deposits in distant regions may also 

Is the series of strata complete in any one place? How is tha fact illns- 
trated ? How can distinct formations of the same age be identified t What 
difficulty is mentioned? What is the third method of ascertaining the relativ#* 
age of rocks ? the fourth method ? 
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be approximately established, in the case of the later geological 
periods, by a comparison of their fossils ttnth existing species. In 
receding from the present time, the proportion of extinct species 
will be found to increase, until we arrive at a period anterior to 
the existence of any of the present races. If the introduction of 
new species and the extinction of old ones had taken place with 
a uniform rate in all times and places, we should have a means 
of measuring time with a degree of precision proportioned to the 
completeness of the collections of fossils. Although the rate of 
change may not have been characterized by exact uniformity, 
this principle is of the highest utility in geological investigations. 
This method may be illustrated by taking A, B, C fona series of 
successive deposits in one region, and a, 3, c for a similar series 
in another place. If all the fossils in A and a belong to existing 
species, we may refer the deposits to the present period. If in 
B and h ten per cent, belong to extinct species, they are syn- 
chronous, and are referred to a previous period ; if in C and 't 
thirty per cent, are extinct, they are synchronous, and more an 
cient than B and 5. 

The same method may be extended to a comparison of any 
formations which immediately succeed each other in position. 
If many of the fossils are common to both, we may infer that they 
are not remote in geological time. The converse, however, evi- 
dently may not be true when two successive deposits contain the 
remains of animals of very different habits, as marine species in 
one and fresh water species in another. 

V. More or less aid is sometimes derived from the lithologicaJ 
characters of the strata. The lithological characters comprise 
the mineral constitution and the structure. They depend partly 
on original deposition and partly on subsequent changes. Their 
|)eculiarities are dependent much more on local circumstances 
than on the period of time during which the deposit was formed. 
Thus, during the same period, chalk beds were formed in En- 
gland and strata of sand in New Jersey. The lithological char- 
How 18 this method illustrated 7 How may it be applied to ancient for 
mations T What is said of the lithological characters % 
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acters are used,- Ji determining the age of rocks, with much caa« 
tion and to a limited extent. 

VI. The minerals which are disseminated through, or associa- 
ted with certain strata, may also he of some service in ascertain- 
ing their age. Some minerals appear to have been formed more 
abundantly during ceitain periods. 

SECTION n.— RELATIVE AGE OF THE UNSTRATIFIED ROCKS. 

The age of unstratified rocks may ofben be more or less accu- 
rately determined by their association with stratified rocks. It 
is obvious that an igneous rock must be more recent than the 
strata through which it has been erupted. It is not always cor- 
rect to infer that strata which lie over an igneous rock are there- 
fore more recent, since the igneous rocks may have failed to pen- 
etrate all the overlying strata. Frequently, however, it can be 
determined by local circumstances whether the overlying strata 
were there at the time of eruption. 

SECTION UL— HISTORY OF EACH PERIOD 

After having fixed the relative chronology of the formations, 
we may learn from their organic remains the characters and hab- 
its of the plants and animals of each period. From these data 
we infer the peculiarities of climate, and from the same data and 
the lithological characters of the strata we may learn much re- 
specting the distribution of land and water, and the features and 
extent of the land. From the strata themselves, and from the 
unstratified rocks associated with them, we learn much respecting 
the aqueous and igneous agencies of the period. 

Since, also, some thick deposits thin out in certain directions, 
it may be inferred that the materials of which they are composed 
were derived from the opposite direction ; in other words, that 
there was an island or continent in that direction, the size of 
which and of its rivers must have been in some measure propor- 
tionate to that of the formation derived from it. 

What IB said of the mineral contents of the strata? How is the age of the 
unstratified rocks ascertained 1 What may be learned from the organic re> 
mains of the strata ? What from differences of thickness ' 
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From the alternation, in some cases, of fresh water with ma- 
rine formations, it is also obvious that some portions of the earth 
have been subject to both elevation and subsidence repeatedly. 

It appears to have been the general fact that the palaeozoic for- 
mations, with their fossils, were uniformly spread over much more 
extensive areas than the secondary and tertiary formations ; the 
change from the former to the latter is not, however, abrupt, but 
the deposits, for the most part, are more limited, as they are more 
recent. 

» 

With the exception of some metamorphib districts, and some 
very limited fresh- water formations, the greater part of existing 
continents is covered with strata which abound with marine fos- 
sils. These fossils, with scarcely any exceptions, are the remains 
of animals and plants which lived and died in the places where 
they are now found. This is attested by the preservation, in nu- 
merous instances, of parts so delicate that they would have been 
destroyed by transport, and also by the nature of the stratum in 
which they are found, which corresponds to the known station of 
kindred species noW living. 

It is obvious, therefore, that the existing continents have been 
under the ocean since the commencement of the palaeozoic pe- 
riod. 



CHAPTER II. 
MEANS OF OBSERVATION. 

The means by which the rocks are exposed to observation are 
both artificial and natural. 

SECTION I.— ARTIFICIAL EXCAVATIONS. 

Excavations for roads and canals oflen expose the rocks and 
the superficial deposits to a considerable depth. Fresh excava- 

What may be learned from the altemation of marine and fresh-water strata t 
What is laid of the extent of the older formations 7 What proof that the 
existing continents have been nnder the ocean since the palaeozoic periods? 
What is said of artificial excavations 7 
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dooa sre «speciallj OMfiil in exhilMting tbe arAea and Btractore 
ofdteoKOBatdidatedBtnU. AriemoM K«B((p. 78) often fiiniisb 
valnable infomiatioa respeding the order of die Btxaia, aa well aa 
Goncennng die internal temperature. 

JUinua ore yet more usefol to geologiaU. Tbe deepest is that 
of the Esekchacht in Bcdiemia, which is 3778 feet deep. The 
ercatest depth below the sea-level is that of some coal mines in 
Newcastle, England, which are from 1500 to 3000 feet below 
(his lereL Since many deep mines are carried to a great hori- 
xonta] extent in following metallic Teins or beds of coal, they 
have fiimished a great amount of knowledge oa iboae subjects. 

SECTION IL-^ATTRAL UEAIta. 

I. Exeaeatitmt hy Water. — Among the natural means are the 
eaeacationi by ricert. The section of the rocks which ia exhib- 
ited in the channel of the Niagara is seven miles long, and from 
150 to 300 feet deep. The structure of an uneven country is 
often best exhibited by the river-courses and the Una oftea-eoast. 

II. Uplijlt. — Yet more instructive are those vplifif vrheie the 
strata on one side of a fracture have been, lifted up, forming a 
precipice. The order of several successive formations is often 
thus exhibited, and the geologist is able with great facility to aS' 
certain, also, their characters, contents, and thickness. 

A beautiful example of this kind is found in Snake Mountain, 
in the valley of Lake Champlain. Here most of the lower part 
of tbe Silurian system is shown within the distaoce c^less than 
half a mile, as in the following figure : 
rsgSL 




WhatisBuiil ofmiae«T of excavations by water t ofnpIiOsI DeMribe 11m 
example. 
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e. Brown clay, extending ^x miles west to Lake Champlain, 
where it covers {n) the Trenton and Isle la Motte limestones. 
b. Calciferous Giandrock ; dip* 10°. 

d. Isle la Motte limestone, dipjncreasing from 10° to 20°. 
a. Trenton limestone ; dip 25°. 
g. Utica slate ; dip 38°. 

h. Hudson River shales ; mostly covered with drift and debns. 
ife. Debris, from 
Z. Red sandrock ; dip 20°. 
t. Cranberry meadow, over liquid peat. 

This example has been espe ially useful in deciding in the neg- 
ative an important question which had arisen in American Geol- 
ogy, as to the existence of a Taconic System older than the Si- 
lurian System. 

III. Inclination of the Strata. — But the limits of geological ob- 
servation would be very narrow if it were restricted ordinarily 
to a thickness of a few hundred feet, with some rare opportuni- 
ties in high mountains and deep mines. By means of the incli- 
nation of the strata, we become acquainted with the structure of 
the earth to the depth of many miles. The convulsions of an- 
cient times have more or less broken and lifted up the layers of 
the stratified roc^^, so that few of them now lie in their original 
position. The layers must once have been nearly or quite hori- 
zontal. If Lake Erie should be drained, extensive layers of sed- 
iment would appear, and if these should be consolidated, frac- 
tured, and inclined by igneous agency, their w]j}ole structure and 
contents would be exhibited. . 

Most of the older strata have been repeatedly subjected to ig- 
neous agencies, while various aqueous agencies have more or less 
modified the paits which have been thus exposed. But the nat- 
ural and artificial sections of canals, rail-roads, rivers, and sea- 
coasts more or less perfectly exhibit the upturned edges of the 
ancient strata. It is obvious that when we pass over the surface 

* Dip is the inclination below the horizon. 

What can we learn from the inclination of the strata f What most have 
been their original position? How are their edges exhibited? What can 
wa learn by traveling across their edges 7 
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layers, \ 



of the ground directly across the edges of the layers, we obtain 
the same knowledge of their order, structure, and contents which 
we should have obtained by a perpendicular descent had the 
strata retained their original horizontal posijtion. If, for exam- 
ple, we travel six miles 'across the edges of strata, which have a 
dip jf 45°, their thickness will be found, by a trigonometrical cal- 
culation, to be a little more than four miles. It is quite unnec- 
essary, therefore, for the geologist to descend into the earth to 
learn the structure of its crust. Probably all the formations, and 
consequently all the materials for a chronological history of the 
earthy have been exposed to the light of the sun. 






CHAPTER III. 

CLASSIFICATION OF THE STRATIFIED ROOKS. 
SECTION L— CDASSES OF ST^TA. 

I. There are five classes of stratified rocks. The first and old- 
est are called primary strata, and are characterised by their po- 
sition beneath the fossiliferdtts rocks. Many of the strata which 
were once referred to this cl^s of rocks have been proved to 
have been originally fossiliferbui^ and are now mctamorphic ; that 
is, the fossils have ,been oblit^rai!id,'Bnd their structure has been 
rendered crystalline by heat. Such rocks belong mostly to the 
next two classes. Probably very few of the supposed primary 
strata will eventually remain in this class. 

n. The second class includes those strata which contain the 
remains of the earliest organic beings, and a long series of subse- 
quent formatioiis. They are called Palaozoic rocks (&om two 
Greek words, which signify ancient animals), because they con- 
tain the remains of the earliest animals known to have existed. 
Most of them have also been called Jh^ansition rocks, because 

What are the primaiy strata? What are metamorpbic rocks? What it 
said of the palaeozoic rocks? 
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tbey were once supposed to have been formed during a transi- 
tion of the earth's surface £rom an uninhabitable to a habitable 
state. 

III. The third class contains another long series of formations, 
commencing with the New Red Sandstone, in w'lich occur the 
extraordinary bird tracks discovered and describe i by President 
Hitchcock; and terminating with the chalk foiTQatir n. They have 
been called Secondary Rocks, and also Mesozoic BatcJcs — ^the word 
mesozoic signifying animals of the middle periods. 

All the animals pf the palaeozoic and mesozoic periods have 
long since become extinct. 

IV. The fourth class, called the Tertiary or Ckunozoic strata, 
consists of regular and nearly horizontal strata of limestone, sand, 
and clay ; and, with many extinct species of ani nals and plants, 
they contain some which still exist. The word cainozoic signi- 
fies new or recent animals. 

V. The fifth class, called the Quaternary strata, comprises the 
unstratified masses of sand, gravel, pebbles^ &c., termed drift, and 
all the subsequent deposits up to the present time. 

^ -^ . 

What is said of the mesozoic rocks? df the tertiary strata? of <he qnatnr 
nary strata T 
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We proceed now with a hasty ^etcVof the geolo^cal history 
of the earth. It would seem more natural in a historical science 
to commence with the most remote period of antiquity, and to fol- 
low down the course of time. But the condition oi the earth in 
its earliest ages was so unlike the present, in its geography, its 
climate, and all its features, that there is little in common between 
the most ancient and the present period, except that the same zz2r 
terial atoms and the same laws of nature remain. He who for 
the first time becomes acquainted with this extraordinary history, 
is lost in the strange scenes of those earliest days, unless, proceed 
ing step by step from the present t^ ^he past, he shall have be- 
come gradually accustomed to the change. 

We shall therefore trace up the stream of time into the remote 
xegions of the past. Each system will be the subject of a distinct 
chapter, commencing with the most recent. 

A strictly chronological order would require that all the events 
of the geological history should be narrated in the precise order 
of their occurrence ; that the characters derived by the strata 
from agencies acting on them subsequently to their deposition 
should be described as belonging to the time when those agen- 
cies acted. So much, however, remains to be disrovered, in order 
to render geology complete in this respect, that it is impossible 
to observe strictly a chronological order. We shall therefore de- 
scribe the phenomena of the strata in the reversed order of their 
original deposition. The time is probably distant when geolo- 
gists will narrate events, as well as classify deposits, in a strictly 
chronological order. 



What order of time wiU be followed in thia work f What ocder would be 
danrableT 



oKirr. 138 



CHAPTER IV. 

QUATERNARY SYSTEM* 

The dependence of the formations of this system, each on the 
preceding, is both so obvious and so intimate, that we shall com- 
mence with the first in the order of time, when the features of the 
earth were quite similar to those of the present day. 

SECTION I.— DRIFT. 

The name of this deposit, Drift, is derived from the fact that 
all its materials have evidently been drifted in a common or simo 
ilar movement. All its phenomena either are consistent with oi 
directly prove this fact. The most important facts may be refers 
red to the following heads : 

1. Lithological characters. 

2. The geographical limits of the drift. 

3. The transport of the materials. 

4. The wearing down of the solid rocks. 

5. Streams of stones. 

6. The absence of fossils from unaltered drift. 

7. The crushing of slate hills. 

I. Lithological Characters, — The deposits of this period con- 
sist of sand, gravel, Eard-pan, pebbles, and bowlders variously 
mingled, and sometimes have a very irregular and confused strat- 
ification. 

The pebbles and bowlders, especially the latter, are distinctly 
scratched. But a large portion of the materials which were 
originally accumulated during this period has been remodeled, 
without much change of place, during a subsequent period. The 
original unaltered drift is recognized by the striae on the peb« 
bles, and by a more dense structure; It is rarely, if ever, found 

¥rhy is the drift so called T What are the principal classes of fiusts relating 
to itf What an) its lithological characters ? 
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in North America on the sor&ce at less than 4C0 feet above the 
present sea leyel. 

IL Tkt Geographical Limits of Drift, — The deposits of this 
period cover this continent north of 40^ north latitude, and in 
the valleys of the Delaware, Susquehanna, and Mississippi they 
extend a few degrees farther to the south. 

In Europe they occupy the northwestern part, reaching to the 
ocean on the north ; commencing a little east of the White Sea, 
their boundary extends in a southeasterly direction nearly to the 
Ural Mountains, in latitude 61°, then southwesterly through the 
central region of Russia nearly to latitude 51°, and thence west- 
erly in a very irregular zigzag line through the southern parts of 
Poland and Prussia. The great irregularities of the southern 
boundary are duo, as in the United States, to southerly elonga- 
tion in valleys. 

Drift is also said to occur in high latitudes in the southern 
homisphoro, as in Patagonia and in the Falkland Islands. It is 
wanting within the tropics. The few accounts which have been 
given of its existence in the West Indies are based on the de- 
posits of ri vers which formerly flowed at higher levels and were 
Bubjoctod to violent freshets. 

111. Transport of Drift, — 1. In the regions of unaltered drift, 
the grontor accumulations appear to have been on mountains. 
On the lower parts of tho Green Mountains of Vermont, at an el- 
nvntiou of 1000 to 2000 feet, drift so uniformly and abundantly 
covers tho surface, that the solid rocks hre wholly, concealed 
throughout extensive districts. The extreme height of drift in 
North Ainorica is about 5000 feet above the sea level. The 
summit of Mount Washington is the only part of New England 
whioh wim nbovo its roach. Within its geographical limits and 
Imlow a coriain height, the drift appears to have been distribu 
led without much regard to levels, and is universaL In this re 
i«|>oot it diflors from all aqueous deposits. 

Whnt uro tho liuiiti of drift on this continent f what in Europe f Whit ii 
Mill of (Irilt in touthern latitndesT in the Weal Indies T What » said of IIm 
aooumiiUtioM of drift T 
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2. The direction of the transport is ascertained by tracing the 
materials of the drift to the source irom which they were derived. 
In almost every place there are local peculiarities of the rocks 
which the practiced eye of the geologist easily recognizes, so that 
the fragments which have been removed may be identified with 
their original source. In North America, the direction of trans- 
port was generally to the south or a little east of south, rarely 
varying on account of local causes from ten degrees west of south 
to a little south of east. 

In Europe the phenomena are quite different. The materials 
have been dispersed, in nearly straight lines, from the mountains 
of Scandinavia as a center. 

3. The distance of transport differs much in different places, 
and especially in respect of different parts of the materials. The 
great mass of the materials is derived from ledges which occur 
within a few miles. It is rarely the fact that the greater portion 
of the gravel or pebbles, or even of the bowlders, have traveled 
more than five or ten miles. If in some places the bowlders 
which have come from a greater distance are more numerous 
than those of the neighboring rocks, it is because the latter are 
more perishable. Such cases are therefore no real exception to 
the general statement. 

The distance to which isolated bowlders have been transported 

is sometimes very great. 

In Vermont, heavy iron ore has been carried 30 or 40 miles. 
On Long Island, Nantucket, and Martha's Vineyard, bowlders 
are found which were derived from the continent. It is thought 
that some bowlders in New England have been removed 100 
miles. In Ohio and other Western States, bowlders are found 
which were derived from the rocks north of the Great Lakes,, 
and which must have been transported several hundred miles. 

4. In general, there is a very close correspondence between the 
durahUity of the rocks and the abundance of bowlders and peb- 
bles derived from them and contained in the drift. Durability 

#liat is said of the manner of ascertaining the direction ? of the direction in 
North. America T in Europe! of the distance? of the durability and abund- 
■DOt^if bowlders T 
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depends on the power of resisting either chemical or mechanical 
agencies. Very soft slate rocks are unaffected by the solvent 
powers of lain, but are often impressible by the finger naiL Tet 
such rocks are found to retain now the finest striae, which were 
imprinted on them by the mechanical agency of the drift period. 
But their fragments enter very sparingly into the composition of 
the drift. Limestone is not only soft, but decays also by solution. 
It is therefore deficient in the drift even of limestone regions. 

On the other hand, a narrow strip of quartz rock, on the west- 
em flank of the Green Mountains, has filled the drift with peb- 
bles and bowlders, whose ellipsoidal form has procured the pro- 
vincial appellation of " hard-heads." 

It is scarcely necessary to remark that the detachment of the 
fragments and the rounding of their angles are not to be exclu- 
sively ascribed to the drift agency. The ordinary agencies of 
rivers and waves, and of the atmosphere, are ever producing 
these results. If, as there is good reason to believe, extensive 
regions, which are covered with drift, were above the ocean dur- 
ing many long periods anterior to the drift, these agencies were 
probably producing bowlders, pebbles, and other loose materials. 
Then came the drift agency, adding more or less to these mate- 
rials, but operating eminently as an agent of dispersion. Since 
the lapse of time would alike accumulate the durable and con- 
sume the more perishable fragments, we find here one cause of 
the deficiency of the latter, in comparison with the extent of the 
parent rocks. The long-continued violence of the drift agency 
itself was, however, an additional cause of this deficiency. 

5. Hills and mountains, not exceeding 1000 or 2000 feet in 
height, do not appear to have presented any insurmountable ob- 
stacles to the passage of the materials. Gravel and bowlders are 
often more abundantly accumulated on the north sides of mount- 
ains. But examples are very common of large bowlders having 
been carried up steep acclivities to great heights. 

How were many of the bowlders originally rounded ? What are the two 
causes of greater abundance of more durable bowlders? What is said of the 
obstacles presented to the drift by mountaiins f 
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On Hoosac Mountain, in the town of Adams, Massachusetts, is 
B bowlder weighing six hundred or seven hundred tons, which 
has been transported across a valley, and one thousand feet up 
the mountain. On the summits of Mount Holyoke range are 
large fragments of sandstone, which have been carried up an 
almost perpendicular precipice several hundred feet from the val- 
ley beneath. 

6. The size of some of the transported ^otrZJer* is enormous. 
One in Fall River, Massachusetts, weighs 5400 tons. The ped- 
estal for the statue of Peter the Great was hewn from a bowlder 
which weighed 1500 tons. 

IV. Tlie Wearing down of Solid Rocks, — 1. The transport of tho 
drift over the solid rocks acted more or less to wear them down, 
producing well-rounded and smoothed surfaces, on which are 
stricB and furrows. There being no exception to the general 
fact of coincidence between the directioVi of the strias and that 
of the movement of the drift materials, the one may be taken as 
an index of the other. But from the great facility and precision 
with which the direction of these striae may be measured, they 
afford the best means of ascertaining the direction of the drifr 
movement. 

In some cases, on the tops of mountains of the tougher rocks, 
as on Mount Holyoke, in Massachusetts, furrows are found which 
are a foot wide and two inches deep. In Dorchester, Massa- 
chusetts, the sides of an angle between two portions of a ledge 
of hard quartzose conglomerate, which were nearly in the direc- 
tion of the drift, were rendered concave and smooth, as if the 
moving bodies were forced through with great friction. 

More frequently the furrows are but an inch to three inch/BS in 
width and about a third as deep. Still more frequently scratches 
i>ccur which do not exceed one eighth or one fourth of an inch in 
width, and others are as fine as the stroke of a pen. 

Sometimes the entire surface of the rock is smoothed down, 
rounded, and polished, as in the case of the Dorchester rocks 
above mentioned, where the surface of the hard quartz pebbles 

What is said of the size of bowlders ? of the direction of the striae and fur 
rows ? of the size of the furrows and striie ? of polished surfaces ? 
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b s Uttle in relief like die sillctous specks in a piece of mazble 
artificially polished. 

Perhaps so part of North America has AirmsheJ, wilLin an 
eqaal space, lo many beautiiiil examples of polished and striated 
rocks aa have been fonnd in Vermont. In that state more than 
three hundred examples [reckoning as distinct casea those only 
which are at least one quarter of a mile distant) hare been fonnd. 
Among the districts most remarkable for their abundance is 
the valley of the Winooski. There the perfectly rounded sur- 
faces of the talcoso slate, the broad fuirowa, and delicate scratch- 
es were protected by a fluviatile deposit of fine sand, during the 
long subsequent period of the older pleistocene, and therefore 
have a freshoeBB which adds much to the beauty and interest of 
these results of the drifl; agency. In the northwest part -of this 
state few ledges of rocks can be found which are not. rounded 
and furrowed. In this region, many furrows are irom 12 to SO 
inches wide, and 3 or 4 inches deep. The recent removal of clay 
often exposes a striated surface oi marble, which retains a polish 
nearly equal to that of artificially polished marble. 

The limeatono of Addison county abounds with well-smoothed 
surfaces covered with scratches, which have been protected from 
decay by a covering of brown clay, and have withm a few years 
been exposed in the gulleya at the road side. Fig. 33 represents 
the drifl striae in black marble, near Lake Champlain, in Shore- 
nam, Vt 

„. M a is the abrupt com- 

mencement of several 
coarse striae. 
, J J is a furrow which 

L. , ; appears to have been the 

I 1 effect of unequal pressure, 

^ perhaps the rolling of a 

J .1 loose pebble. 

L . j c c 18 a broad furrow in 

K ' ' J , ■ / the bottom of which piocoi 



'gular stone. 
Furrows and strise are wanting on surfaces of limestone which 
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have been long exjipted to atmospheric agencies. The sur&ces 
of rocks which are more or less feldepalhic, as the granite and 
gneiss regions, and which decay by yielding up their potassa, 
have rarely retained the furrows. The same is true of surfaces 
which crumble by the admission of water into a pon3us or loose- 
ly laminated structure. The paraUditra of the stiiee is one of 
their most obvious characters. On very cotivex, and even on 
hembpherical suriacea, there is scarcely any perceptible devia- 
tion from parallelism. Glacial furrows and striae differ from 
those which are made by fluviattla agency. The former are 
straight, or sometimea slightly and regularly curved; the latter 
are very irregular and tortuous. Both kinds of furrows are rep- 
resented in the accompanying figHre. 

F(ff.33. 




a a. Furrows made by the river, h h. G-lacial striEe. e o. 
Oladal fruTOWs. 

Some fiirrows and impressed lines on the surfaces of rocks re- 
semble drift strise and furrows, but are due to strucftire. They 

Whrt is Bid of the paralleluiiii of Btriffi 1 of the difference between flavi* 
tila and glwial fhrrowiJ What u taid of furrowB owing to itrnctuiot 
F2 
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are produced by the uneqU^ weathering of the strata, and may be 
very easily distinguished from those which have resulted from an 
external mechanical force. Furrows are also produced by the 
solvent power of rain on limestone slopes, but they are too irreg- 
ular to resemble drift furrows. 

2. Furrows and striae are wanting only where the rock is un- 
dergoing disintegration* It would not, therefore, be an unreason- 
able inference, that the entire surface of the rocky floor of the 
northern parts of this continent was smoothed into cavities and 
convexities, and covered with furrows and scratches by the drift 
agency. 

3. The greatest elevation at which drift furrows exist is an 
interesting question which has received some attention. They 
exist abundantly on Jay Peak, at the northern extremity of the 
Green Mountain range. The height of this summit is 4025 feet 
above the ocean. From the size of the furrows, we can hardly 
avoid the conclusion that such agency was nearly or quite as en- 
ergetic as at lower levels. 

On the White Mountains of New Hampshire are drift furrows 
at an elevation of 5000 feet above the sea. This is the greatest 
height at which they have been found in North America. Above 
6000 feet, the summit of Mount Washington entirely escaped the 
effects of the drift agency. 

On the other hand, the lowest level reached by. the striae is un- 
known. They are seen descending beneath the sea, where it is 
impossible to ti-ace them any further. 

4. The minor inequalities of surface, such as hills and isolated 
rocks, did not perceptibly influence the direction of the current. 
But the general direction was essentially modified by the promi- 
nent features and outlines of the surface. In Vermont, the Green 
Mountain range has a direction nearly north and south, and is 

What u said of furrows caused by rain? of the universality of the polishing 
and striating agency? of the height at which furrows exist on the Green 
Mountains ? on the White Mountains 7 of their lowest level 7 What is said of 
the influence of the minor inequalities of surface 7 of moantain ranges and 
valJeyB 7 
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crossed by the valley of the Winooski. On either side of the 
valley the mountains rise to a height of 3000 and 4000 feet. 
Here the current was deflected so as to ascend the valley in near- 
ly an easterly direction. The same is ti-ue of the valley of the 
Lamoille, a few miles further north. But on the tops of the ad- 
jacent mountains the current held its usiial north and south di- 
rection. But the proximity of Ipngitudinal valleys appears to 
have deflected the current at greater elevations. Thus, in Put* 
ney, Vermont, striae on the west side of a mountain have a di- 
rection to the southwest. 

5. The north and west sides of the ledges of rocks, having been 
most exposed to the drift agency, are often very perfectly round- 
ed, forming the roches moutounees of European writers ; but the 
opposite sides have generally escaped the influence of this agen- 
cy. To the former or struck side has been applied the epithet 
9tos8 (Swedish for struck), and the latter is called the lee side. 

An interesting example is found on the south side of the Wi- 
nooski, in Bolton, Vermont. In this example there is a peculi- 
arity, that the rock is shelving on the stoss side, as below a in 
Fig, 2f, Fig, 34. a e is the stoss surface 

covered with furrows and striaa, 
and (7 e is the lee side, a m and 
c e are entirely destitute of any 
marks of drift agency. It is very 
obvious that the surface approves 
that the drift agency was that of 
a solid. Any bodies moving in a 
liquid, like bowlders and pebbles 
in water, would have exerted their 
greatest force against this shelv- 
ing surface. 

The same phenomena appear on a larger scale in the stoss 
and lee sides of mountains. The effects, however, were modified 
by the original form and structure of the mountains. Thus the 
lee sides of many of the Green Mountains are on the east, al- 
though the direction of the drift agency was but littie east of 
south. Those mountains which are most isolated on the north 
and west sides were most modified in their outlines. Thus Cam- 

What 18 said of the north and west side of rocks \ Describe the example 
represented in Fig, 34. What is said of the sUiss-und Ice sides of mouj\taMQA\ 
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el's Hump, in Vermont, owes its present form almost entif^y to 
the drill agency, the steep and irregular lee side being on the 
south, and the well-rounded outline on the north, for this mount* 
ain, rising up suddenly on the south side of the Winooski, un- 
protected by any considerable elevation to the north or west, 
received the full force of the drift agency. 

6. In numerous examples of striated rocks, two or more dis- 
tinct sets of strise may be recognized with different directions, but 
those of each set are parallel. At Hill's quarry, on the Isle la 
Motte, in Lake Champlain, there are eight sets;* but it is not 
usual to find more than two or three sets at one locality. It is 
probable, however, that the earlier striae of other directions were 
entirely obliterated by the long continuance of the drifb agency. 

It is often possible to determine the relative age of the strise. 
But much discrimination is requisite, for one which is shallow 
may appear to have been cut off by another which is narrow and 
deep, and yet the latter may or may not be the older ; or, if the 
striae are of nearly equal depth, it may not be possible to arrive 
at any conclusion. But when a small one is continued across the 
bottom of a somewhat deeper and much broader stria, and when 
several such examples occur on the same surfefce, there can be 
no doubt of their relative age. We have succeeded in determ- 
ining the relative age of two sets of striae, in about thirty exam- 
ples in Veimont, and find no exceptions to the general conclu- 
sion that those which had the more westerly origin are the more 
recent.t 

7. In the northwestern countries of Europe the drift radiates 
from the Scandinavian Mountains. In other respects, as to the 
character of the striae and furrows, the rounded and polished 

* These directions arc, south 8^ west, south 8^ west, south 10^ east, south 
25^ east, south 43^ east, south 45^ east, south 47^ east, and south 65^ east. In 
Vermont, those striiB which have a direction of south l(P east are most abund- 
ant; next are those which run south 20^ to 30^ east 

t In one case, that of Hill's quarry above mentioned, the age of three aeti 
was determined as follows, beginning with the oldest, south 10^ east, soatli 
8^ west, and south 47° east. 

What is said of different sets of striee ? of the relative age of such stria? 7 of 
the stria and polished rocks in Scandinavia? 
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n)cksy and the stoss and lee sides of rocks and mountains, the 
drift phenomena in Norway and Sweden are similar to those in 
North America. The greatest height at which strise occur in 
Scandinavia is nearly 6000 feet. They descend beneath the sea 
to unknown depths. In other parts of the northwestern half of 
Europe they are less common. 

8. That the strias and furrows belong to the same period with 
the drift, being indeed the effect of the transport of the latter, 
has been regarded as sufficiently proved by the coincidence of 
direction, and by the want of any deposits intervening between 
the striated rocks and overlying drift. It necessarily follows that 
they are as ancient as the drift accumulations. It can also be 
shown that they immediately preceded the deposition of the ple- 
istocene, which is more recent than the drift ; for, wherever a 
surface has been recently uncovered, the most delicate striae are 
found to have been preserved by a few inches of clay. It follows, 
then^ that the ftirrows and striae could not have been long exposed 
to atmospheric agencies which would have obliterated them. It 
would not, of course, follow that the striating agency was limit- 
ed to this point of time, which indicates its close only. It had 
undoubtedly been continued through a long series of ages. 

V. Streams of SUmes, — 1. The type of this class of phenomena 
was discovered in Richmond, Massachusetts, by President Hitch- 
cock, and has since elicited much attention. These streams are 
arranged in long lines, and consist of an enormous quantity of 
angular fragments of rock, overlying the common drift, and ex- 
tending from a ledge of the same kind of rock in the direction 
of the drift current. . 

From their position it is inferred that they were formed at or 
near the close of the drift period. It is not, however, to be sup* 
posed that this effect was peculiar to the end of the. period, for 
whatever similar streams may have been strewed along previous- 
ly would subsequently have been either rearranged or buried 

What IB said of their greatest height? What proves the strise to be as an- 
dent as the drift? What proof that they immediately preceded the pleisto* 
oraef What are streams of staiiesf What is said of their age ? 
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beneath other drift. A considerable portion of erratic blocka 
may have beea diBtributed in the same manner ; but wcU-chsr- 
acterized examples are rare, and difScuU of recognition. 

2. A very interesting example occurs in Huntington, Vermont, 
rit- 33 Fig. 35 represents the prominent local feat- 

A bill, a h, rises 150 feet above the ralley, 
m R. It consists of fine talcose slate, and ia 
about one fourth of a mile long, with a width 
of sixty to eighty rods. 

On the west is a small hill of the same kind 
of talcose slate, ^. The west side, & c dh,o{ 
the principal hill is very precipitous. A long 
narrow ledge of very coarse binary syenitetSj', 
lies in the talcose slate, on the south side. 

Furrows and scratches on the Blate,J[f, have 
a direction south 15° easL 

The stream of angular stones ie prolonged 
nearly a mile beyond the southern termination 
of the hill toward i k, in the direction of the 
drift current. The stones were evidently derived from the ledge, 
( y, for they consist wholly of the same peculiar variety of sy- 

The most characteristic example of streams of stones occurs in 

the western part of Massachusetts, and is represented in Fig. 36. 

There are two distinct streamB, which have their sources, A C, 

between Canaan and Lebanon, in New York, at the summit of 

. the Taconic range of mountains. 

The train A B has been traced SO milea, and the other, C, 
about 10 miles to the southeast. This is the direction of the 
drift stride in the vicinity. They are 300 to 400 feet wide, are 
nearly parallel, and are from one half to one third of a mile apart. 
It will be seen in thoi figure that they pursue a southeast course 
obliquely across mountains and valleys, with little or no regard 
to these inequalities of surface. The two ranges of mountains 
which they cross are each about 100 feet higher than the source 
of the stones, and arc about 800 feet higher than the first valley 
which they cross. 

The stones in these trains consist of a peculiar metamorphic 

Why are dietinct eiamples rare I Describe the example iu Vermont, and 
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feldspathic rock, of a gresnish 
color, which is very easily dis- 
tinguished &om the slates and 
limestones over wh^ch they lie. 
It is found in ledges only along 
the crest of the TH^onic ridge. 
The veiy spot whence the stones 
were derived is conspicuous^ 
The fragments are very irregu- 
lar, with their angles but slightly 
rounded. Most ofthem are very 
large, the smailerones being sev- 
eral feet in diameter. One of 
the largest is four miles from the 
source, and weighs 2000 tons, 

VI. Age of the Drifi.—\. The 
absence in this country of any 
deposits of the periods immedi- 
tely anterior to the drift agen- 
cy deprives us of the means of 
comparison with such deposits. But the subsequent deposits of 
the older pleistocene enable us to place it at the commencement 
of the grand series of events which they commemorate. The 
older pleistocene is, indeed, bo intlinalely connected with the drift 
that many vrritera have failed to distinguish the two periods. 

2. "We have before remarked that the dispersion of the drift of 
Northern Europe consisted in a series of radiating movements 
from the Scandinavian center. The parallel movements of the 
North American drift must, therefore, have had a different origin. 
The cote mporaneousn ess of the two agencies is not, therefore, to 
be inferred from their similarity alon*; proof of their synchronism 
is found in the fact that each immediately preceded the pleisto- 
cene period. It has, indeed, been staled by some writers that 
the pleistocene deposits of Northern Europe underlie the trans- 
ported blocks' of the drift. But all the unaltered drift of thoM 
countries is found by those geologists who have made it a special 
•tudy to be older than tfae pleistocene. 



Wbat ia aud oT the age of [he drift in thia < 
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Probably the drift of the northern parts of Europe and pi 
North America was cotemporaneous with some deposits which 
have been referred to the later tertiary of Southern Europe and 
of our Southern States. i 

VII. Theories of Drift, — The great problem — what was the 
agency which dispersed the drift, and wore down, smoothed, and 
furrowed the rocky floor over which the materials moved — has elic- 
ited many theories. We shall here notice the outlines of these 
theories, without attempting to describe all their modifications. 

1. The iceberg theory supposes that the drift country was sub- 
merged below the tops of the mountains not long before the drift 
agency, and that a polar current floated down icebergs which 
were loaded with the materials of the drift, and which, melting 
during their progress into a warmer latitude, strewed the drift 
along their course, and striated the rocks at the bottom of the 
sea by the fragments which were frozen into them. 

This theory has the great advantage of introducing no more 
violent agencies than are now in operation. Such a polar cur- 
rent now exists, bearing icebergs, some of which are loaded with 
gravel, into warmer regions. If this country were submerged, 
the polar current, which now has a strong westerly tendency, 
would flow over a large part of the drift region. The hills of 
giavel are such as would be produced by the stranding of ice- 
bergs, either dropping their freight of earth and stones, or crowd- 
ing up the materials on the bed of the sea, and as they were 
rocked and urged on by the waves. 

It will be seen that this theory involves both submergence 
and iceberg agency. 

It is, however, objected to the theory of submergence that the 
drift appears to be entirely destitute of fossils. It may also be 
objected that icebergs could not have taken up masses of rock 
from submarine valleys, and then 'carried them over the mount- 
ains ; that on the tops of the mountains, rather than in the val- 

What is said of the cotemporaneonsness of the American and European 
drift? of that of the drift and later tertiary? What is the iceberg theory f 
What is said in favor of this theory 7 What is said against it? 
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leySf the scratches should more frequently occur, but this is not 
tb^ &ct ; that the source of the materials should be found only in 
higher northern latitudes, whereas, in fact, with the exception of 
some scattered bowlders, the great mass of the materials has been 
removed only a few miles ; and that the rocky bed of the ocean, 
especially in its valleys, would have been more or less protected 
by a covering of mud from the Airrowing agency of stones frozen 
into the icebergs. 

2. The theory of elevatioTis supposes that the drift countries 
were submerged, and that their central regions were subject to 
violent earthquakes and elevations, ofb repeated through a succes- 
sion of ages ; that these convulsions propelled over the northern 
portions of the globe enormous waves, which bore along the im- 
mense icebergs of the polar regions, and strewed the pre-existing 
loose materials of the surface far to the south of their former po- 
sition ; that immense masses of such materials received a portion 
of the impulse, and acted on the rocks beneath in the same man- 
ner as glaciers. 

If a region like the eastern part of Iceland, with 3000 square 
miles of ice mountains, were exposed to such earthquake action, 
immense numbers of icebergs would be borne along by the 
waves. 

In support of this theory, it is argued that in earthquake waves 
there is an actual locomotion of the water, and consequently their 
momentum must have been inconceivably greater than that of 
ordinary waves, since it has been proved that a current of twenty 
miles per hour would transport stones weighing 300 tons. 

It is also said that we may thus account for the remarkable 
similarity between the effects of the drift agency and those of the 
Alpine glaciers of the present period. 

To this theory it is objected that repeated elevations could not 
gro on long enough to produce the drifb phenomena before the 
great central earthquake region would have been elevated above 
the water. 

What is the theory of elevations? What is said in favor of this theory f 
What is tiie first objection? 
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Auother objection to this theory is derived from the &ct that 
an immense downward pressure and almost perfect inflexibility 
I f the striating ag^ts are demanded by the phenomena. While 
a mass of mud, sand, pebbles, and bowlders is moving in aliqaid, 
the upward pressure of the liquid must be nearly or quite equal 
to the downward pressure of the mass, which therefore would 
exert a force almost wholly in a horizontal direction. Nor would 
the pebbles and bowlders be held in a fixed position with that 
inflexibility which is essential to the production of drift striae. 
Such phenomena as we have described on p. 131 seem to indi- 
cate a solid agent. 

3. The glacier theory supposes that by some causes, which it 
does not profess to demonstrate, a refrigeration of the climate 
covered the drift region with glaciers, and at length with a vast 
glacial sheet several thousand feet thick ; that in Europe the cen- 
ter of origin was in the Scandinavian Mountains, whence the gla^ 
ciers proceeded outward in all directions, increasing until they 
reached the limits of the drifb agency ; that in North America 
the glaciers originated in or near the Arctic regions, proceeding 
in a southerly direction, because in this direction only were they 
free to move, and increasing until they formed a glacial sheet 
5000 feet thick ; that vicissitudes of climate during the long pe- 
riods of drifb agency caused retreats and advances of the glacial 
sheet in directions not exactly coincident. 

It has been objected that this supposed glacial agency of the 
drift period diflered from that of the Alps, inasmuch as the latter 
is limited to the inclined valleys of lofly mountains, and that the 
theory does not account for the origin of such a glacial sheet 
If the latter objection could be removed, the former would be 
irrelevant, since a glacial sheet of i^uch vast extent would be free 
to move only outward, as the Alpine glaciers are now free to 
move only downward. 

It has been attempted to account for the origin of such a gla- 

What other objections are mentioned 7 Describe the glacier theoiy. What 
objection is mentioned? How coald the objection be removed? What it 
•aid of astronomical causes of the glacial sheet? 
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eial sheet by astronomical changes, which, although they can not 
be disproved, are not rendered probable by any known facts of 
the same kind. Possibly the origin may be fotmd in geograph- 
ical changes, as a great elevation of the land. Such elevation is 
Tendered probable by the descent of the strise beneath the ocean, 
and by the transport of pebbles across regions now covered with 
unfathomable waters, as Massachusetts Bay, for glaciers never 
descend into the sea. If now these entire regions were elevated 
above the general level of land and sea as much as some mount- 
ain ranges are, they would be covered with a glacial sheet. Thus 
the glacier theory furnishes what is at least a possible cause of 
the origin of the ice. 

Some irrelevant arguments have been adduced in reference to 
the glacier theory. It has been inferred, from the discovery of 
an elephant and a rhinoceros in the ice of Siberia, that there must 
have been a great and sudden change fi'om a temperate to a frigid 
climate. The inference may be correct, but evidence is yet 
wanting that the event occurred during any part of the drift 
period. 

The argument for the glacial theory is founded on the exact 
resemblance between the effects of drifb agency and those of the 
Alpine glaciers. It is impossible to distinguish these effects as ex- 
hibited in the rounded furrows and striated surfaces of the rocks. 
In the Alpine regions above the glacial agency, both the ledges 
and fragments of rocks are angular, in marked contrast to the 
rounded rocks below. (See Fig, 10.) So in this country, the 
summit of Mount Washington has only angular rocks. Exam- 
ples similar to that before referred to on page 128 {Fig. 32) are 
found in the Alps : the rolling of angular stones under the gla- 
ciers produces similar effects. 

Rocks and hills which have been in the path of Alpine gla- 
ciers have their stoss and lee sides. The loose materials are 

What 18 said of geographical causes 7 What irrelevant arguments have been 
•ddaced 7 What is the argnment in favor of this theory derived from the sur- 
faces of the rocks 7 from the forms of rocks and hills? from the distribution of 
the loose materials? 
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crowded forward, wHle there is a tendency in the glauer b> go 
over them, bo tbat tliey ere not moved as far ss the blocks irtiich 
are imbedded in the ice or which lie on the top of it. (See p. 
31, Fig. 7.) 

A gla^al sheet, at no time exceeding 5000 feet thick in North 
America, would account for all the phenomena. It would have 
almost inflexibly ascended the minor inequalidea of sor&ce, but 
have been deflected &om its course by lofty mountain ranges and 
deep valleys. A email portion of a glacier has no perceptible 
flexibility, while that of the whole mass ie so great that they hare 
even been compared to viscid bodies. 

VTII. Fracture of Slate HilU. — These remarkable phenomena 
are generally supposed to be the effects of driil agency ; but 
neither the time nor manner of their origin have yet been con- 
clusively eBtablisbed. 

Most of the examples yet known in this country occur in the 
southeast part of Vermont. The layers of slate stand nearly per- 
pendicular, but on the hills they are broken and inclined from 
the lines of fracture. In some of the fractured masses the lam- 
itiEB retain their former relative position, without any intervening 
spaces. Other portions, however, have been broken into loosa 
fragments. The fractures are not confined to the tops of the 
hills, bat in at least one instance occur at the base of a email hill. 
Fig. 37. One of the most instructive ex- 

— amplea was found in Willard's 

quarry, Guilford, Vermont, where 

roofing slate. The most conspic- 
uous part of the dislocation has 
been exposed by quarrying, and 
is represented in the accompany- 
. ~H ingligure.of ttvorticalsurfacefac- 
a ■ "^ ing south, about ten feet high. 

a is the west part of the hill, covered wilh drift ; S, aUts, the lowest part 
notfractnreil.llie reet fractured : a, Ioobs fragmenta of slate ttanwn orer to ilia 
east by fi-ost : c, an opeaJDg made by quarrying. 

What miiEt have been the character of tba glacial aheel t What ii nid of 
theoriginof thofracturo of slate hillsT Where do most ol the examidei 0» 
curt Desi^ribo tlio one in Gnilford. 
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'V »• The strata, not being free to yield to either 

^0^ side, were crashed into a zigzag position, and 
^§P are quite loose, but paralleL Those which 
'^ have been left, by quarrying, unsupported on 
the east of this mass, have been thrown over by irost. 
The zigzag condition of the fractured yet parallel lay- 
ers, which were not free to move on either side, in- 
contestably points to some force acting almost direct- 
ly downward. 

The accompanying figure exhibits the relations of 
the frtictured to the uniractured strata in respect of 
direction, in a distance of seven or eight miles in the 
southeast part of Vermont. 

a a aa^ direction of the strata in each locality, A, 
B, C, D ; c, direction of the crushed strata. The ar- 
rows indicate the direction in which the force was ex- 
erted. 

SECTION n.— PLEISTOCENE. 

The name of this formation is derived from two Greek words, 
«nd expresses the fact that most of the fossils belong to living 
cpec'ies. 

I. Lithological Characters. — The deposits which are referred 
to tb« period comprise all which have resulted from aqueous 
actirjn between the glacial and the historical periods. Many ge- 
olo/^ists include them in the drift ; and no small part of the dif- 
ferences of opinion on theories of drift has been caused by the 
conibunding of the glacial and aqueous deposits of two success- 
ive but distinct periods. 

Ihe pleistocene deposits in this country are altered drift, blue 
clay, brown clay, fine sand, and beds of marl. 

1. Origin of the Materials, — The general character of these 
deposits will be better understood with a knowledge of their ori- 
gin, which, so far as they occur in drift regions, is as follows : 

The general configuration of the surface of the country having 
been the same for a long time before the drift period as at pres 
ent, the streams must have run through the same valleys, and had 

What is said of ihe name pleUtoeene T What is included in this period? 
What are the deposits 7 How did the drift agency prepare the materials f 
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rodueed tbeir channels to a level not very different from the pres- 
ent. The drift agency then drifted the enormous amount of 
loose materials wldch had been accumulating during former pe- 
riods, spread them over the surface, and more or less filled the 
Talleys and blocked up their outlets. At the end of the drift 
period, and during the earlief parts of the pleistocene period, a 
large part of North America was depressed more than 1500 feet, 
and in emerging remained for a long period at 400 or 500 feet 
below its present level. All those parts, therefore, which have 
now an elevation less than this amount, were beneath the waters 
of the ocean. 

At the close of the drift period, the surface of the drift must 
have contained a much larger proportion than at present of fine 
materials. These were washed down into the valleys, from which 
the streams removed considerable portions to the ocean. The 
particles of clay being much finer than the sands, the first de- 
posits were mostly of the blue clay. The long continuance of 
atmospheric agency convert^ the blue into brown clay in the 
drift, and the latter deposits are accordingly of brown clay and 
bro>vn sand. These regular deposits of clay and sand are most 
abundant in the river valleys, whose outlets were blocked up; 
and in ponds, and bays, and in sounds like that which formerly 
extended from the Gulf of St. Lav?rence through the valley of 
Lake Champlain to New York. 

While the characters of the drift, which was above the level of 
the pleistocene seas, were modified by rains and streams, and 
some new deposits in the adjacent waters were in the process of 
formation, the action of the waves, tides, and currents essential- 
ly modified the submerged drifi;. Hence resulted what is now 
called altered drift. 

In order to understand the action of marine agencies on the 
drift, it must be remembered that the process of emergence of 
the land has been very graduaL Each part has beoi successnre- 



What occurred at the end of the drift period? What was the efifoet of 
streams on the drift 7 of atmospheric agency 7 of the pleistocene aeasf Vitrei 
was the action of marine agencies prolonged and extended t 
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ly brought nearer the surface of the water, and subjected to mo- 
riue agencies during long periods of time. The existence, in the 
valley of Lake Champlain and elsewhere,' of extensive depositB 
ef clay and fine sand, wliich have now a well-defined limit of 400 
feet above the sea level, indicates a long stationary period, which 
inteirupted the process of emergence. 

By marine agencies the submerged drift was rearranged. 
The ootKoes of its surface were remodeled, and small bilb and 
valleys were formed. Most of the pebbles and small bowlders 
were rolled about until they lost their drill striae. But the larger 
bowlders more frequently retain their strias, and some of extra- 
ordinary size probably remain io their original position. Small 
hills of altered drift and oesars (long, narrow ridges of loose sand 
and gravel) were formed along the shores by the acdon of wares 
and tides. 

The knolls, or small hills of altered drift, are common near 
moontsin raogea. In Vermont, in the valley between the Ta- 
conic and Grean Mountains, they are accumulated in groups, at 
intervals of five or six miles' distance. Some of them are 150 
feet higli. They are oilen very steep, although composed of ex- 
tremely loose materials. In Hineshurg, in the valley of Lake 
Cbamplun, one of these hills is 3000 feet long, 3000 feet wid^ 
and 300 feet higfa. 

Jfe.39. 




Wbrt wm Itw puticnlar tSecUl What is said of hilli of altered dilftl 



In Amhent, HanschuettB, may be aeen agronpof UDs of &]■ 
teied drift. Fig. 39 repreaenta hills of altered drift in the east 
port of Amhem Some of the cBTities between the hills are c>c- 
capied aj ponds without oadeia. They are evidently die effects 
ofmarme agency. In the aontheaat of Maaaadmstfta, similar ex- 
amples occur at a distance from the moantains. Also in Berk- 
■hire county, on the east ude of Monument Mountain. 

In Andover, Massachusetts, there are cesars t£ nnnaaal lengdi, 
^g. 40. These ridges aie situated westof the Shawsheen Biver, 
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and about 60 feet above it They vary irom 15 to 30 feet in 
height, and are nearly semi-cylindrical in form. The length of 
east ridge is one mile and one third ; of west ridge, one mile and 
three quarters. They are composed of eand, smoothed pebbles, 
and bowlders. Similar ridges, bowl-shaped cavities, and round- 
ed hills are found on each side of the Shawsheen for several miles. 
In Sweden ffisars are common, and are of mach greater length 



The following example occurs in the town 
of Peru, Vermont : In Fig. 41, m is on the 
east side of a north and south range of hills; 
the hill at m is about ISO feet above its base, 
B, but rises higher to the west ; a is the south- 
west extremity of the moraine, which here 
joins the hill without any intervening de- 
pression ; at N it terminates abruptly, hav- 
mg a semicircular form, a c N. The top va- 
ries but little from a level ; the total length 
is 1000 feet ; the width of the base is about 
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■ix tcmIs, and of the top fi-om three to six yards. It consists of 
. loose yellowieh brown gravel with some small bowlders ; r is the 
turnpike. 

2. btta-gtrat^cation of Materialt. — The sands, altered drift, 
and clays of this formation are variously interstratified, and thus 
indicate local changes of condition, chiefly in respect of a more or 
less violent action of the waters. 

The following Be cti on, ^^"1^,42, through FortGreene,atBrook- 
lyii, L. I., shows the interstratification of fine sand and altered 
drift. Fins blue clay often takes the place of the sand. 




The occurrence of nume us b vl lenj of la ge b ze in irregu- 
larly stratified masses of gravel and sand, b thought by sorae ge- 
ologists to indicate the agency ^f icebergs. 

3. River Terraces. — The materials which bad accumulated dur- 
ing the earlier part of the pleistocene period were more or less 
rearranged during the latter part. As the land emerged from 
the ocean, the level deposits in the valleys were exposed. 
Through them the rivers then excavated channels, and, by the 
gradual lateral shiftings of the channels, a large part of these old- 
er pleistocene deposits were removed to the lower levels and into 
the sea, while the margins v;'hich remain constitute the existing 
terraces of river valleys. 

In general, the origin of river terraces may be described aa 
commencing with the deposition of nearly or quite horizontal 
plains of sand and altered drift. Flowing through these level 
plains, the rivers must have formed serpentine channels. Conse- 
qnently, by increasing the convexity of the bends, and then cut- 

Wbdtii Bwdof the interatratiGcation ofmateruilB 1 of (he origin of river u» 
races 1 of the action of rivnv on the pleiatooena deposits T 



146 aUATiJlNART SYSTEM. 

ting them off or wearing away their headlands, and shifUng their 
beds, they removed the greater portion of the original plain. It 
is not necessary to suppose that the distance between opposite 
terraces is any indication of greater magnitude of the river at any 
former time, but only of its shifting its channel. 

The process having advanced thus far, we have an intervale 
through which the river flows ; and if the channel has entirely 
cut through the drift, the process is either completed or '.so much 
protracted by the difficulty of wearing down the solid rocks, that 
the progress, during even a geological period, would be scarcely 
perceptible, and only one teiTace will have been formed. But if 
a terrace has been formed before the complete removal of the ob- 
structions in the channel, the same process must have been re- 
peated within the new and narrower level of intelVale. We 
should thus have a second terrace. Repetitions of the process, in 
cases where the obstructions were not entirely removed, would oc- 
casion a great number of terraces. On some streams four suc- 
cessive terraces may be seen. In some instances, these repeti- 
tions have occurred in a valley in which several streams unite, and 
the changes of their channels have left not only many terraces 
with irregular margins, but detached portions, like islands, in a 
horizontal surface in the middle of the valleys. 

In the mountainous parts of the New England States, river 
terraces occur on all the streams. They are characterized by a 
nearly horizontal surface jutting out from a hill side, or extend- 
ing from the base of another terrace, with an irregular line of 
-margin, but a uniform slope. Irregularities are common, and ore 
mostly due to existing agencies. 

In Scotland, also, there are terraces whose materials accumu- 
lated in the pleistocene ocean, and which have been formed by 
subsequent river agency. The following example {Fig. 43) oc- 
curs at Dunkeld. 

a, present sea level ; h h, hills forming the valley ; c c, their ideal 
continuation ; d d, the terraces ; eff^ the course of the Bran; g^ 
the Tay ; h, Dunkeld. 

How may one terrace Have been formed ? how several 7 What is said oi 
the frequency of terraces? of terraces in Scotland f 
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4. Marine Terraces. — The 
prairie terraces of Missouri ter- 
ritory, as the Goteau des Prai- 
ries, have no communication with 
rivers, and are probably the lines 
of ancient sea or lake coasts. 
Like the present sea and lake 
coasts, they have the ground at 
their basis strewn with blocks of stone. In Chili, in Barbadoes, 
and in Jamaica, there are terraces and bluffs near and often par- 
allel to the present sea-coast, which were once the lines of coast, 
but have since been elevated by earthquakes. 

In Scotland and in Sweden, marine terraces are common or 
hill sides, where they are supposed to indicate ancient sea levels 
In the following example in Glen Roy, Scotland, the three lines 
,1, 2, 3 (in Fig, 44), represent terraces which form a level path- 
way along both sides of the valleys, with little interruption for five 
or six miles. 

Fig. 44. 




GLEN ROT, ACHNAVADDT, SCOTLAND. 

II. Topography of the Pleistocene, — This formation occurs in 
the drift regions of North America and Europe. In South Amer 
ica, the vast plains of the Pampas consists of a pleistocene clay, 

What is said of marine terraces 7 Describe the example in Glen Bo| 
What is said of the topography of the pleistocene 7 
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whicb has been explored through an extent oi 200,000 s^aro 
miles, but which is probably two or three times larger. A part 
of the lowlands oftbe Soutbern States of this country is pleisto 
cene. Probably the vast level tundras of Nortfaem Siberia are 
also pleistocene. 

III. Organic Remaint of the Fleittocene. — 1. The organic le- 
mains of this period m North America consist chiefly of the shells 
of Molluscs and the hones of Mammalia. 

Of the marine shells, those which are found in the alder blue 
clays are pelagic. Some of the species are«xtinct. One of the 
n of these is the NuciUa For&andica. This species 
occurs m the valley of Lake Champlain. It 
IS abundant in the vicinity of Pgrtlaad, Maine^}** 
m company with several otber shells, such as 
inhabit ratber deep water. Nuaila Jackgonii 
{Fig 45) is also extinct. It occurs at Au- 
gusta and in other parts of Maine. 

In the sands which overlie the blue clays 
several species of littoral shells occur abund- 
antly, all of which are now living on the sea- 
common is Sanguinolariajiuca (Fig. 46), and 
Mya arataria, the long clam. Both of these 
species occur in the valley of Lake Cham- 
plain, in the same position in which they died. 
Entire beds of the long clam occur in the 
Bfttne perpendicular posilioD in which this 
species is now found living in the sandy mud 
of the sea-shore. 

The common oyster, Ottrea horeali*, is found in Maine, far in- 
land. It occurs also at Brooklyn, New York, beneath thick beds 
of gravel and bowlders, with numerous other marine species, all 
of which are found living in the vicinity. 

Most of the superficial sands and gravel in the N'orthem States 
of this period are too porous for the preservation of fossils, and 
hence the localities are few. 

In the lower parts of the Southern States, marine shells occur 




What organic r. 
gio (deep water) 
fioDtbem Slatosl 



oains occur in North America t What ia said of the pela- 
lelliT of the littoral Bhelkl of the fleialocene ihelli of tba 
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in some superficial strata of loose materials, wHich were deposit- 
ed during this period. A very large majority of the species m- 
habit the neighboring seas, and most of the others are now found 
in the West Indies and the Gulf of Mexico. 

The marl beds occupy basin-shaped depressions, which were 
once occupied by ponds, or they occur in existing ponds. Many 
are covered with beds of muck, and some with a heavy growth 
of timber. They consist of fresh- water shells in every stage of 
decay, of pulverulent carbonate of lime, which has probably re- 
sulted from a complete decay of the shells, and of a variable por- 
tion of clay. The history of them extends into the historical po- 
Tibd, for some of them are yet in the process of accumulation. 




SXCTION OF PLEISTOCENE AND RECENT DEPOSITS IN MONKTON POND. 

In the accompanying section of a pond in Monkton, Vermont, 
c c is a muck bed, encroaching on the pond n n, which is not yet 
filled up ; e e is the bed of shell marl, more than ten feet thick ; 
o o is a bed of blue clay. The shells which constitute the marl 
belong to species which are now living in the pond. 

It is obvious that we have here a type of the usual process. 
First, the blue clay of the older pleistocene was deposited over 
drift; then commenced the growth of the mollusca, which, al- 
though for the most part less than one quarter of an inch in di- 
ameter, and occupying much less space after comminution, have 
accumulated to the amount probably of 300,000 cords, or more 
than 6,000,000,000,000 of shells. 

Meanwhile the vegetable deposit commenced not far from the 
margin of the pond, and is now advancing into it over the marl, 
which, however, is still in progress ; thus showing us how, of two 
deposits superimposed the one on the other, a part of the oldest 
portions of the upper one may be more ancient than the newest 
part of the lower bed. 

The length of the pleistocene period is strikingly illustrated in 

What IB said of the origin of marl beds 7 Describe the example in Monkton* 
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the Moukton marl bed. A long series of years ia requiied to fbr- 
nish shells sufficient for a single layer, and yet they have accu- 
mulated to more than ten feet in depth. 30,000 years is a very 
moderate estimate for the time required at the present rate of ac 
cumulation, and it is more likely to have exceeded this many fold. 
Yet it all belongs to the latter part of the pleistocene period, of 
which it ia probably but a small fraction. 

Those parts of the Southern States which were not submet^ed 
were inhabited by an extinct species of home, of bison, hippopot 
amUB, elephant, and the great mastodon, the mylodon, and -those 
huge quadrupeds, the megatherium and megalonyx. 

It was probably in the later portion of the pleistocene period 
that the mastodon flourished in great numbers in the Western 
States, and wandered as far to the northeast as the Hudson River, 
Their skeletons have been preserved in bogs of shell marl aod in 
the salt licks of the West. From the great salt lick of Kentucky 
the bones of 100 mastodons have been removed, with those of the 
estinct elephant and other animals. In August, 1845, was found, 
in Newburg, New York, an entire* skeleton of the great Ameri- 
can mastodon {Fig. 4S), with the head raised and turned to one 




■ The bones of one foot nre wanting, and are anpposad to have b 
nod nvjoy in the marl, which wna removed for agricoltaral p 



What is said .if the length of the process 1 What qaadrupedi inhabited tha 
Southern fitsba 1 Where did the maalododi live t 
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BiStf, and the tusks tbrown upward — the posture natural to a quad- 
ruped when sinking in the mire. The stomach was also found, 
containing leaves and bruised twigs, as had been seen less dis- 
tinctly in some previous discoveries. The structure of the teeth 
would have led us to suppose that this species fed on the boughs 
of trees and on young saplings, since, differing remarkably from 
those of the elephant, the grinders are covered with large conic- 
al elevations, which must have enabled them to grind such food 
with great facility (see JB^g, 54, page 156). This peculiar form 
of the teeth once led to the erroneous idea that the mastodon was 
a carnivorous animal. 

The remains of an elephant have been found in Vermont, 
where the Rutland rail-road crosses the Green Mountains, at the 
bottom of a deep bed of muck. 

As this was the last of the geological periods anterior to oui 
own, it becomes an object of great interest to form some conclu- 
sion respecting the time when these gigantic mammalia flourished. 
In the more northern portion of their range they are found to 
have been mired in shell marl, which consists of the same species 
of fresh- water shells which now inhabit our waters. That these 
quadrupeds did not, however, belong to the present period, is 
obvious from the condition in which the remains are found under 
beds of muck. Although this is the most favorable situation for 
preserving the animal, nothing remains but the bones. But the 
most conclusive fact is the association of the mastodon with many 
other extinct species. The Indian traditions of living mastodons 
are doubtless crude geological speculations, founded on the oc 
currence of the bones. 

In the valley of Lake Ghamplain, in GharlotfA, Vermont, the 
skeleton of a small whale has recently been found. It was 
brought to light by a rail-road excavation in the blue clay. This 
animal resembled the Beluga, or white whale {Ddphinapterus 
leucas), which now inhabits the Northern Sea. It was 13 feet 

What is said of the Newburg mastodon ? What did they eat 1 What is 
«aid of their teeth ? of the Vermont elephant ? What is said of the time when 
tbese mammalia floarishod? What is said of the white whale in Vermont f 
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1(sie. Fig. 49 ropreeenu the retnainB of the head, wluch WM 




about 23 inches long, the figure being one sixth of the natural 
size. The upper jaw had 16 teeth, and the lower jaw had 14, 





Fig. 50. That the tail had a horizontal fin for verdcal motion is 
inferred from tUb character of the caudal vertebrES. It is obvious 
m Fig. 51 , which represents them as seen from above, that these 
vertebrae were much mora free to move on each other in a vert- 
ical direction than laterally. ThiE figure is one half of th« nat- 
)iml size. 

From the sheila and vegetable remains which were found with 
the Bkeleton, it may be inferred that the water was at least a few 



WhatiBuidofiheir 



moftbo tulfinr 
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fitthonis deep when the animal was imbedded, and that it subse- 
quently became a salt marsh. 

2. South America. — The great Pampean formatiou of South 
America contaius numerous fossil shells, all of which are now liv- 
ing in the neighboring waters. 

Several colossal speciea of quadrupeds, which are now extinct, 
were very numerous ia South America. Among the most remark 
able were the megatherium, myledon, megalonyx, and scelido- 
therium, some of which had bonea much larger than the elephant, 
although the entire bulk of the animals was not greater. The 
mylodon and megatherium closely resembled in their structure 
Fif.sa. 




Wlut IB BBid of the place in which the ikeleton naa imbedded T of the shelta 
afd>ePBiopaaiifo[iaHtioti7 oflheqaadnipedsof SonA Amertcul oftbehaib- 
it! of the mylodon and megaiberiDm T 

G2 
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tho sloths, that feed on the tender twigs of trees, which they cHmo 
for tlib purpose. But while the immense size of these extinct 
q^adi-upeds preTentod them from imitating their modem repre- 
St Dtatives ia the mode of obtaining their food, their size and pe- 
culiar structure enabled them, by tearing down the trees, to luring 
their food within reach. 

The feet, legs, pelvis, and tail of the my1odons(f^.62,p. 1S3) 
were of eoormuua dimenaions, enabling them, as they rested on 
the firm basis of iheir massive hind legs and short thick tail, to 
tear down large trees, whose roots they may have loosened by 
their enormous claws and fore feet. The teeth were adapted for 
chewing only the tender buds and leaves of trees. They had only 
a few broad, smooth grinders, the &ont of the mouth being desti- 
tute of teeth. For chewing twigs, as did tbe mastodons of North 
America, more uneven surfaces would have been required. Had 
their food been on the ground, incisors in the front of the mouth 
would have been necessary. 

l^he South Americap megatherium (Ftg. 53) was larger dian 
he mylodon. Its length was eighteen feet; the breadth across 

JV.53. 




Whtt » aaJd o[ tho 



PLEISTOOENB BffABfMALB; 155 



r< • 



die pelvis was wx feet, and the opening in the several verte- 
brae Ibr the passage of the spinal marrow was four inches in di- 
ametel:. The tail was two feet in diameter in the upper part. 
The bones of the legs were nearly three times as heavy as in the 
largest elephant, and the foot was enormously expanded, so as 
to afford a firm basis. The heel bone projects backward eight- 
een inches, and the whole foot was one yard long and two thirds 
of a yard wide. Its teeth were adapted for chewing not only 
the tender buds and leaves, but also tiie twigs of trees. 

The existing animals of this tribe are liable to heavy falls, and 
their dense covering of soft matted hair prevents any serious in- 
jury. For the protection of the brain, the outer and inner plates 
of the skull are separated by an unusual thickness of air eells, so 
that the outer one may even be broken without fatal injury. The 
heads of the mylodon and megatherium had a similar structure, 
for they were liable to similar injuries when prostrating trees. 

A remarkable confirmation of this reasoning occurred in the 
top of the skull of a mylodon. The outer plate of the skull had 
been broken in two places, one of which was entirely and the 
other was partially healed. The animal, therefore, must have 
survived the blows which caused the fractures. It must, how 
ever, have been stunned, and of course temporarily disabled. 
The carnivorous animals which have inhabited South America 
overcome their prey, not by the force of blows, but by the per- 
tinacity of their grasp, and could not inflict such wounds. Nor 
is it likely that they were inflicted by any of the huge animals of 
the same tribe, since the habits of all the living representatives 
are remarkably peaceful. Nor is there any evidence that human 
beings coexisted with the mylodon. Besides, it is extremely 
improbable that any living adversary inflicted these stunning 
wounds, for the advantage would have been followed up, and the 
animal would not have escaped. Nor could he have fallen from 
a precipice in that region of plains ; nor, if he had, would he, with 

To what accidents are the living animals of this tribe liable? To what 
were the mylodon and megatberinm exposed ? What is said of a fractmred 
and healed skull of a mylodon ? 
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a proportionatelir very amall head, have fallen upon it. It only 
remaiiie, therefore, to ascribe the wounds to falling trees, and ac- 
cordiDgly the fisBures of the fractured skull proceed from a Ion 
gitudinal wound, not &ora a central depression. 

3. During the same period, also, there lived in Great Britain 
and on the continent of Burope, many quadrupeds, moat of which, 
including all the larger species, are extinct ; as a. species of ele- 
phant, of bear, and of hyena, larger than any now living; of horse, 
lion, tiger, &c. Great numbers of the remains of the elephant 
aie in the shallow parts ;f the German Ocean, and in the gravel 
beds of England. These occur with some animals which may 
have become extinct since the existence of man, as the great 
Irish elk ; and with others, which are yet in existence, as the fox 
and wolf. Thus it appears that the extinction of species of that 
epoch was a gradual, and not a sudden and violent process. 

4. Probably, also, the gigantic birds of New Zealand existed 
during the same period, although continued into the historical 
epoch. 

fi. In the pleistocene of Northern Asia, the bones of mammotha 
occur in immense quantities. Sometimes they are found mixed 
with bones of extinct species of rhinoceros, ox, horse, ant«lope. 
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&C., and even with the remains of m&rina animals. Rarely thsjr 
occur with shells and corals attached to them. > 

The mammoth belonged to llie same genus with the two ex- 
isting species, the Indian and the African elephant. But the 
mastodons constituted a separate genus, which is wholly extinct 

The most characteristic pecuf.iarities of these two genera may 
Itn seen iii the preceding figures of their teeth, Fig. 5i. 

In less obvious but important peculiarities of the teeth and 
jaws, the mammoth differed Irom the existing elepbants. The 
tusks were very large and curved backward, forming almost a 
circle, Fig. 55. It was well clothed with thick-sot curly hair. 




The abundance of mammoth bones in Siberia is remarkable. 
In as high latitudes as 65° north, in Siberia, wherever a rivet 
undermines its banks, bones are dislodged. The tusks furnish 
a large portion of the ivory which is used in the arts. 

Even as far north as latitude 75°, there is in the Polar Sea, 
longitude 140° east, an island, Kotelno, north of Siberia, where 
the bills of the interior contain the bones of horses, bofialoes, 
oxen, and sheep, in such abundance as to show that these- ani^ 
mals formerly lived there in numerous hards. 

Wliat la nid of the diSereoce bstwoen the mammotha and the maatodoni I 
What is nJd of the fonn of mammoth l^uksT of their abandarce I What i( 
■aid of qaidrapedi uerth of Siberia I 
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The mammoth, of the skeleton of which tlie preceding figure is 
a representation, was found entire, preserved in ice. It was first 
seen in 1799, by a fisherman who was in the habit of searching 
along the shores of the Arctic Ocean for tusks. It was then en- 
veloped in blocks of ice, but in 1801 a part of it was fairly ex- 
posed to view, and in 1803 the ice melted, so that the enormous 
carcass fell upon a bank of sand. In 1804 the discoverer cut off 
the tusks, which weighed 360 pounds, and sold them. Meanwhile 
the people in the vicinity used the flesh to feed their dogs duiing 
a time of scarcity. White bears, wolves, and foxes also fed upon 
it. In 1806 it was found by Mr. Adams, who was in the service 
of the Emperor of Russia, and the remains were removed to St. 
Petersburg. 

When found by Adams, the skeleton was entire with the ex- 
ception of one fore leg. The skin of the head and even the eyes 
remained, and one of the ears with a tufi: of hair. About three 
fourths of the skin was found, covered with reddish wool and 
blackish hair, about one and a half inches long. The carcass was 
nine feet four inches high, and sixteen feet four inches long, not 
including the tusks. These were nine and a half feet around 
the curve, and only three feet seven inches firom base to point. 
Much of the hair had been trodden into the ground by the white 
bears, yet thirty-six pounds of it were collected. 

This skeleton is now in the museum of the Academy of St. 
Petersburg. 

IV. Age of the Pleistocene Period. — In the drift regions of 
North America and Northern Europe, the duration of the pleis- 
tocene period is well defined geologically, as comprising the in- 
terval between the drift and the historical period. The com- 
mencement of the formation dates at the dissolution of the gla- 
ciers and the submergence of the land. In. other regions, the 
commencement is indicated, with sufficient accuracy, by the in- 

In what sitaatioQ was the mammoth foand entire T What use was made 
of itH flesh? What was its conditioii when fonnd by Mr. Adams? How is 
Ihn duration of the pleistocene defined ? What is said of the time of its com- 
miuiCfMnentf ^ 
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troduction of the marine shells, which were associated with the 
extinct quadrupeds, but which, with few or no exceptions, have 
survived to the present time. The end is marked in all countries 
where, deposits are found by the extinction of the numerous spe- 
cies of huge quadrupeds, which most distinctly characterize the 
latter part of the period. 

The synchronism of the deposits in different countries is estab- 
lished with sufficient accuracy by the fact of the association of the 
extinct quadrupeds with shells, of which few or none are extinct, 
or even by such shells alone. 

In the Southern States, and probably also in Southern Europe, 
the limits of the pleistocene period are not so well defined as in 
the drift regions. There appears to have been an uninterrupted 
veries of similar events from the tertiary to the historical period. 
These events consisted chiefly in the very slow changes of sea 
levels, in the gradual extinction of a very small minority of the 
molluscs, and in the entire extinction of the vertebrated animals. 

It follows that the pleistocene of the drift regions should be as- 
sumed as the fixed point in investigating the age of other pleis- 
tocene deposits. 

The absolute duration of this period is not easily estimated 
In the Falls of Niagara we have a rude but grand natural chi-o- 
nometer for the latter part. There is good reason to believe that 
before the drift period the Niagara River followed a direct course 
to St. David's, and that its channel was filled during the drift and 
older pleistocene period with bowlders, clay, &c. Since its 
emergence from the older pleistocene seas, it has excavated t)ie 
channel from Queenstown to the present falls. The rate of re- 
trocesision at the present time is pretty well known; and although 
it must have varied, some positions being more and others less 
easily cut through, the time since its emergence is inferred to be 
not less than 30,000 to 40,000 years. This is probably but a 
small portion of the entire pleistocene period. 

What is said of the end of the period 7 of the synchronism of deposits in dif- 
ferent, countries f of the limits of the period in the Southern States? of the 
Falls of Niagara? 
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It 18 a remarkable £act, that the species of the mollusca have 
oatlived the quadrupeds of the pleistocene period. Yet the du- 
xmtioii of quadruped races comprises a longer series of events than 
has elapsed since the creation of man. We have seen, too, that 
« small part of the life of the pleistocene mollusca measures 30,000 
or 40,000 years. Yet there has been but a very slight change in 
the species from the commencement of that period to the present 
day. But the older formations, of which there are several hund- 
red, are distinguished, for the most part, each by very many pe- 
culiar species of shells. Consequently, the duration of each of 
the periods of the older formations must have far exceeded tho 
whole time which has elapsed since the beginning of the pleis- 
tocene. 

V. Geography of the Pleistocene Period. — The geography of 
this period is susceptible of more complete description than that 
of any previous period, for each geological formation has been 
made at the expense of the pre-existing formations. Hence the 
present limits of the older fbrmations afiford comparatively mea- 
ger information on the distribution of land and watel*, and de- 
pendence is placed more exclusively on the characters of their 
organic remains and of the materials deposited. But here w€ 
have, in addition, the scarcely-altered deposits of ancient seas, 
and the marks of ancient sea levels over regions of which the in- 
equalities of surface were nearly the same as at the present time 



IDEAL SECTION OF NEW ENGLAND. 



It 18 said of the comparative longevity of he species of mollusca and of 
Irapeds T What is the inference respecting the older fbrmations ? What 
* " of the geography of the period? 
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The preceding figure exhibits the relations of land and water 

daring this period in the New England States. 

A B. Green Mountains ; C, Mt. Washington ; a. Upper limit 
of the drift agency ; b. Lake Champlain. 1. Sea level during the 
drift j)eriod ; 2. Sea level at the beginning of the pleistocene pe- 
riod ; 3. Sea level stationary during a part of the pleistocene pe- 
riod ; 4. Sea level at the present time. 

Of the different sea levels, No. 2 was more than 1500 feet 
above the present level of the sea; consequently, most of the con- 
tinent was beneath the ocean, and the parts which are now mount- 
ainous constituted groups of islands. No. 3 has been ascertain- 
ed to have been, in the valley of Lake Champlain, 400 feet above 
No. 4, the present sea level. In the valley of the St. Lawrence 
it is said to have been 100 feet higher. Probably much of the 
eastern part of North America was submerged to this depth for 
a long time. A necessary consequence was, that New England 
and New Brunswick constituted a large island. This was sep- 
arated from the main land of New York by a strait,, which ex- 
tended from the valley of the St. Lawrence through the valley 
of Lake Champlain, of the Champlain Canal, and of the Hudson 
River. The summit level of the canal indicates the most shal- 
low part of this strait, which had a depth of about 125 feet. The 
western part of Vermont was thickly studded with small islands 
in a tranquil sound. The exterior portions of the New England 
States, and extensive districts in the Middle States, constituted a 
beautiful archipelago of small and picturesque islands. 

By a depression of the low land of the. Southern States, the 
Gulf Stream may have flowed over them, and the Gulf of Mex- 
ico have covered a much larger area.. Subsequently, however, 
more or less of the Southern States has been more elevated than 
at present. 

The vast plains in South America, which we have mentioned 
as a pleistocene deposit, were submerged during this period. 
The fine mud of the great Pampean formation indicates the pev- 

Deacn}m Fig* 56. What was the condition of this continent ? What large 
island in North America at a later part of this period? What is said of the 
Soathem States ? of Sooth America f 



I8t QUATBBNAST STSTEBff. 

feet repose ofthe waters. The siil)6equeiit process of emergence, 
protracted throagli long periods of time to the present era, is ex 
faibited in the terraced plains which are seen at successively low 
ir levels in approaching the sea. 

In Northern Enrope the general series of events was similat 
to that of North America. The accompanying section (Fig, 57) 
represents the different sea levels in Scandinavia. A consider 
able portion of Northern Earope most have been submerged. 
There is evidence, also, that during another epoch in this period 
Great Britain was elevated to a greater height than at present, 
md diat much of the adjacent seas was diy land. 




I /. Limit of glaciers. 

1*/. 1*/. Sea level at the commencement of the drift period. 

2(k 2(7. Sea level in the pleistocene period. 

3(1. 3d. Present sea level. 

The basin of the Caspian Sea was much larger, and commu- 
•jicated with the Black Sea. A large part of North Siberia was, 
during a part of the period, covered by the Arctic Ocean. This 
submergence may have occurred in the latter part of the period, 
subsequently to that of the drift regions in Europe and North 
America. "^ 

Since the numerous islands of Polynesia have been gradually 
nnking beneath the waters ofthe Pacific during the present pe- 
Hod, and perhaps for a longer time, it follows that during the 
pleistocene period there was a greater extent of lanc^n those 

What is said of Northern Earope T of Great Britain f of the Oaspian Sea? 
of Siberia 7 of Polynesia? 
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regions than at the present tiire. Either during that, or in some 
more remote period, the immense area of Polynesia may have 
been occupied with a continent, the mountains of which consti- 
tute the present groups of islands. 

It is obvious that the extent of submergence appears on a sub- 
sequent emergence of the land. It is far more difficult to ascer- 
tain what regions which are now beneath the sea may have been 
dry land during the pleistocene period. 

We have seen now that extensive regions on both continents 
were above and below the level of the sea in different parts of 
this period. There is no reason to suppose that these events oc 
curred any more rapidly than similar events now take place. 
Thus the history of one period, which is probably of much shorter 
duration than any of more ancient date, comprises an immensity 
of time, which the mind fails to comprehend. 

VI. Climate of the Pleistocene Period, — The pleistocene climate 
of North America does not appear to have differed in its mean 
temperature from its present climate. The marine shells which 
occur in our older clays have been supposed by some European 
writers to belong to species which are exclusively Arctic. But 
they are, for the most part, ideiitical with species which now ex- 
ist abundantly on the shores of New England, as well as fur- 
ther north. They therefore indicate merely the influence of a 
polar current, similar to that which now chills the waters of our 
coast. 

It is probable, therefore, that the Labrador current, which 
even now has a westwardly tendency into the Gulf of St. Law-- 
rence, chilled the waters which covered the lower parts of Can- 
ada and New England. On the other hand, it is probable that 
the Gulf Stream flowed over the lower parts of the Southern 
States. By these agencies the shells now inhabiting Massachu- 
setts Bay and the Gulf of Mexico were mingled in the basin of 
the Potomac. The wateins, at least, of the Southern States were 
warmer than at present, so as to be inhabited by species of shells 
which now occur only in the Gulf of Mexico and the West In- 
dies. 

The existence of elephants in Vermont does not necessarily 
indicate a warmer climate, since the species may have had a 

What is said of the time required for the changes of level 7 What was the 
c'imate of North America during the pleistocene period ? 
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doUting like that of the Iberian elephant. A stmcture and 
babiu adariUxl to the climate of the Northern, and Middle, and 
WoHtcrn otatet would have required only Mpetific peculioiitieB 
in which it should have difiered from the existing species of the 
Namf3 gonuH. 

Bo also the elephants, which inhabited Grreat Britain and the 
conlinont of Europe, prove no essential difference of climate. 
Thii uiiifortii und mild climate which now characterizes Western 
Kuropn miiy huvo been extended further eastward by the sub- 
iMurgniice of Inrgo portions of land. 

In Sihrria, the immonsu numbers of the remains of elephants 
do not pitivo the climutu to have been tropical, for the species 
wiiH funiiNliod with a woolly covering. But the climate of North- 
orn Siboria niunl Imvc boon much milder than it now is, in order 
ti» tho product ion of a vegetation required by the numerous herds 
tifnianunotlw. 

I n South America^ the pleistocene climate appears, from the foe* 
nil HliftllN, to have boon tiio same as at the present time. 



CHAPTER V. 
TKUTIAKY PERIOD. 
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Tin; uoxt ohuptor in llioso ancient records, to the investigation 
of wliii'h wo now prtu^eod, contains the history of the Tertiary 
IVm^n/. *rho nH*k* of this period underlie the drift, and must 
lliorofoi^^ hwvo Ikhmi dopi>8itt.Hl previous to any hitherto described. 

I. (t\>iyr^i/>4*iNi/ DUtnh^ihn, — The tertiary of the United 
S(At«^ i» f\miul upon tho Atlantic si^a-board and the Gulf of Mex 
i\^v lt!i wcikloni Umit is at the first or lowest falls of the princi 
pttl ti\oi^. And U gtMiorally marked by the long-leaved pine (PmtM 
«\Jv\.vvV♦*^. wluvH^ distance fnmi tho shore is limited by this for- 
lUiaUxn. In South Amorioa, according to M. D'Orbigny, ter- 
li<»iy ix^oks oMond iWrn tho groat plains of the Amazon to the 
Sti Ait:i of M«^oUi«i. a distanoo i^' :5500 miles, with a width in 
niAUN placos of ^^vH^ nulo$. 

NX iwi u *Aui v^t' iho eliiiuitt> of i:ur>>ptf f of Silwiiaf ©f Soath America f 
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In Europe and Asia, the rocks of this period are found princi- 
pally in basins, apparently deposited in lakes and estuaries of 
limited extent. 

2. Composition and Structure^ — The tertiary rocks consist of 
numerous layers of marb, clays, sandstones, and limestones, which 
generally lie in nearly a horizontal position, and are often con- 
solidated into a hard, compact rock. Most of the rocks are filled 
with the remains of marine or fresh- water shell-fish, land animals, 
and vegetables, which more or less resemble existing species; 
while scoria and streams of lava have in many cases become min- 
gled with the sedimentary deposits. 

3. Classification of the Tertiary, — This system has been divi- 
ded by Sir Charles Lyell into four groups, founded upon the pro- 
portion of living to extinct species of shells which they contain. 

(1.) The oldest or lowest group is called Eocene^ the daton or 
commencement of the existing types of animals and plants, and 
contains about four per cent, of shell-fish now living. 

(2.) The second group i^ called Miocene {less recent), and con- 
tains about 20 species in 100 of shell-fish, which are identical with 
those now living in the adjacent lakes and seas. 

(3.) The third and fourth groups are called Older and Newer 
Pliocene {more recent), and contain from 50 to 90 species in 100 
of existing shells. These may be described as one group. We 
shall then have t7ie Pliocene or Newer Tertiary^ the Miocene or 
Middle Tertiary J the Eocene or Older Tertiary. 

This classification applies to the European better than to the 
American tertiaries. The eocene of Virginia, South Carolina, 
and Alabama does not contain a single recent shell, and yet it is 
probably cotemporaneous with the European eocene. 

It is, moreover, doubtful whether the American tertiaries can 
be classified so as to make three groups. There seem to be but 
two periods, and those in the northern part of the United States 
appear to correspond with the eocene and miocene, and in the 

What is its composition and strnctare 7 Mention the principle of classifica- 
tijn and the divisions of the tertiary. How does this classification apply to 
Uie American continent 7 
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Bouthern portions to eocene and pliocene. It is probable that 
the miocene and pliocene periods, so distinctly marked in Europe, 
constitute but one period in the United States, so that it is difficult 
to determine the exact synchronism of the deposits on the two 
continents. 

8ECXION L— PUOCENE OR NEWER TBRTIABT. 

It would be impracticable in an elementary treatise to describe 
all the deposits included in this division of the tertiary. A few 
examples, selected from American and European pliocene, will 
suffice to illustrate its character, and the nature of the mineral 
and organic changes which occurred during this part of the ter- 
tiary period. 

1. Pliocene of the United States. 1. Distribution, — The plio- 
cene of the United States, according to Professor Tuomey, is 
confined to the Atlantic sea-board. The deposits are found in 
patches from Maryland to Georgia, but slightly elevated aboYe 
the sea level. 

2. Composition, — The pliocene is composed mostly of yellow- 
ish sands and marls, which vary in thickness, but rarely exceed 
40 feet. The strata are arranged in nearly horizontal layers, and 
repose mostly on the older eocene, or on cretaceous rocks. The 
marl contains a large proportion of carbonate of lime, and great 
numbers of fossil shells. 

3. Geological Position, — ^Although these rocks, in South Car- 
olina and Georgia, contain a very large proportion of recent 
shells, similar deposits in Maryland and Virginia, from the larger 
proportion of extinct species, have been referred to the miocene. 
The number of fossil shells identical with existing species con- 
steiitly increases in going from the northern to the southern por- 
tions of strata, which appear to belong to the same period, and 
the proportion of carbonate of lime also increases; but the- tran- 
sition is not sufficiently mai'ked to enable us to separate those 
deposits which were made during the pliocene from those which 

How is the pliocene of the United States distributed ? What is its compo 
iltiqAiiti geological position ? 
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belong to the miocene period. Professor Tuomey h&s zeferred 
the South Carolina beds, which rest upon the eocene, to the 
pliocene. With this exception, and a few other deposits, as one 
at the mouth of the Potomac, these rocks, froni the proportion of 
recent to extinct shells, would be referred to the older pliocene 
of Mr. Lye 11 ; but as they repose upon the eocene, they may, 
with more propriety, perhaps, be described with the miocene. 

II. European Pliocene* — 1. TJie Norwich or Mummtdif&roua 
Crag of England belongs to this period. It is composed oi 
shelly beds of sand and loam, deposited at the mouth of a river, 
and filled with the remains of several species of mammalia ; hence 
its name. Other strata, which overlie the crag, appear to have 
Deen deposited in a fresh-water lake, and contain also the re- 
mains of mammalia. * 

But the best examples of the pliocene strata occur in the 
south of Europe, on the shores of Italy, Sicily, and on many of 
the islands of the Eastern Archipelago. 

2. The Vol di Noto, lying between JEtna and the southern 
promontory of Sicily, consists of pliocene hills which are raised 
from 1000 to 3000 feet above the level of the sea. The rocks 
are entirely composed of limestones, marls, sandstones, and vol- 
canic products. These hills are separated from iBtna by the low 
plain of Catanea.- 

The strata consists of three groups, and are represented in 
Fig. 68. 

Fig. 58. 




3 2 

SECTION NEAR STRACUSX (sICILT). 

(1.) The Crreat Limestone Formation, — This is of a yellowish 
white or pure white color, and has the appearance of a rock pre- 
cipitated from the waters of mineral springs, being arranged in 
thick beds, often without distinct lines of stratification. It attains 
a thickness of 800 feet, abounds in caverns, and contains shells, 

Wh&t example of the pliocene in England? Where are the best ezamplM 
Ibiind T Of what does the Val di Noto consist T 
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most of which are identical with diose now inhabiting the Med 
iterranean Sea. From this fact it is inferred that it is the last 
or most recent of the pliocene deposits. 

(2.) Calcareous Sandstones, Conglomerates, and Schistose 2/»me- 
stones, several hundred feet in thickness, constitute the next group 
in the descending order, and these repose upon, 

(3.) Blue and White Marls, under which are blue and white 
days without fossils. 

The limestones and marls are filled with the remains of shell 
fish, of which a large proportion are recent species. 

At the southern base of ^tna, near La Motte, there are altern- 
ate beds of clay, sand, and volcanic matter, together with con- 
glomerates and columnar basalt. 

The most impoitant deposits in Sicily consist of marls (3), 
which are of great thickness, and differ from each other but 
slightly in color and mineral composition. The lower beds are 
much contoited, and contain sulphur, salt, and gypsum in great 
abundance ; but only a few organic remains, as the skeletons of 
fishes. 

Upon the marls limestones were deposited (2), and upon these 
blue marls ; then sands, sandy limestones, and, finally, the great 
limestone beds (1), which are found to cap hills in some places 
3000 feet in height. 

It is obvious that this entire series must have been deposited 
beneath salt water. The island, therefore, must have formed the 
bed of the sea, into which the materials were brought from the 
neighboring continent by fluviatile and volcanic agencies, and 
very gradually deposited, for we find the strata throughout filled 
with the remains of marine mollusca. 

Several long periods of time are requisite to account for the 
deposition of sedimentary and volcanic rocks to the depth of 3000 
feet, for it should be observed that not a single stiell-fish could 
be imbedded af);cr the island emerged above the surface o^tho 
waters. It was not, then, till after the last sediment was thrown 
down that the island was raised to its present position. 

Describo the several depodtB in Sicily. What is the eyid^ice that these 
deposita require long periods df timet 
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When we consider the magnitude of the changes wrought dur- 
ing this, the most recent portion of the pliocene period, the whole 
formation of JEtna is truly insignificant, for nearly the whole 
mountain has heen built up to its present height of 11,000 feet, 
and 90 miles in circumference, since the deposition and elevation 
of these, the last of the pliocene strata. 

3, Suh'Apennine Tertiary Beds, — During the same period sim- 
ilar deposits were in progress on the western side of the Apen- 
nines in Italy. The rocks here consist of hrovm and blue marlSf 
overlaid and interstratified with thick beds of sandstone and vol- 
canic prodttcts, He strata are filled throughout with marine 
shells, which are sometimes associated with beds of lignite and 
fresh-water shells. The marls attain a vertical thickness of 20Q0 
feet. The sandy beds pass into conglomerates, and give clear 
indications of river action during their deposition. 

Similar strata are also found on the eastern side of the Apen- 
nines, and extend to the Morea, and to the islands still further 
east. Deposits of this period occur also in Spain, near Olot, so 
that a large portion of Southern Europe was submerged beneath 
the Mediterranean Sea during the pliocene period. 

4. Brotvn Coal Formation, — Perhaps the most remarkable of 
the pliocene strata occur in the valley of the Rhine, between 
Coblentz and Cologne. They consist mostly of lignite or brown 
coal, and contain the largest quantity of vegetable matter which 
has been formed since the carboniferous period. The coal rests 
upon loose sihcious sand, which sometimes hardens into sand- 
stone, and sometimes into, conglomerate, through which are dis- 
tributed thin leaves of lignite caMedpaper coal, and silicified wood 
often passing into chalcedony or semi-opal, Beds of clay often 
succeed these silicious deposits, and form the stratum on which 
the lignites or principal mass of the coal rests. Some portions 
of the lignite consist of solid wood, of a black color, and so per- 
fectly preserved as to be used for timber, while other portions are 
mineralized by carbonate of iron, or replaced by coarse quartz- 

ose sand. Associated with the lignites, and especially with the 

• 

Describe the sab-Apennine beds ; the brown-coal formatioa. 

•I 
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p«p0r ccMiIf «» wme rerj 

prwtorred ; thtj cooMit oKwdj c/ »ec3^ iTlkii i, iaacB^ b»- 

trftchtsrM, mnd quadnipeds. 

/)• Lacuiirine Deparii cfike Bkme^ — ^Tbere b aaodier ioCEmt- 
iiig laciMtrino depotit, niiere the Rhbie ubbcb from Lake Coik 
nUiutin, cotMWting of bigfalj tomSaSeruah mazls and fimeclaneB. 

Thn lowor iMxlf arc cream-eolored mazlsy filled with die renaiDa 
of plitiitii, fiiiliefl, and fresb-water molliuca. 

lliglily fumiliferoaB beds of fetid mariatone and limestone sac 
1*011(1, In which havo been found the skeleton of a fixx, alfied to ex- 
tut ing ii|»nrinii; iiIao fishos of large size, a toitoise three feet in 
lungth, (*riiNtii(*(mtiii, mid insects. 

Thn Htmtii urn horizontal, and are raised several bondred feet 
Hbuvn tho Rhino. It is ovidont, therefore, that change in the 
ii«)titivo hw(«I of sua and land, similar to those in the south, must 
hnvt^ Inknn pluco in this part of Europe, although the deposits 
Wi*rt« nmdn mostly in lakos. 

til. h\mih Iff the Pliocene, 1. Vegetables. — The remains of 
vi*^ptMbloM nrci found in most of the pliocene deposits: the most 
loiimrktiMo of which. is the brown coal formation already de- 
NonbiHl. Troon in a vory porfoct state of preservation abound, 
whiU« \\\p |m|H^r oonl is mostly made up of the leaves of the pop- 
Ut, biivhi Mud tho snmo species of plants generally that are found 
i\\ \\\p oxUting fiirosts. 

V, Ammkih. — (L) Tho romains of the lower orders of animals 
i^i'^^ Av\)UoiiUy mot with» but thoy do not differ fixim existing spe- 
vi%s* wutHotonUy t\> WHjxuro any description. 

^V \ M^ViMtvM.— Tho stratum of marl in South Carolina, which 
in <v<i*vi\hI I\^ ihU |>orivHl by Professor Tuomey, is very rich in 
tJxMMhiU^ \HMM^Uiin< nKvtly of tho remains ofmoUusca, 

Tho tUU\>\\ uv< ttiblo o-xbihit9 the proportion of recent to extmct 
i»)HH')«« ill S^mth i^iiix^tina j 

IKwhU^ iKv' UKHMlnik^ il«|H>Mli \>f I)m EhiM. Wlwt k said of liM 
^^i«»l»MMt .^iWaaiwftWt «ftWmUiimt 
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NaofSpeoiai. Speoies Eeceat Percent 

Brachiopoda 1 

Gasteropoda 78 39 50 

Lamellibranchiata 109 47 43 

Cirripedia _2 .JL 50 

Total. , 190 87 .46 

The proportion of recent species is probably somewhat larger, 
and this fact would place these deposits with the Crag of England, 
which belongs to the older pliocene of Mr. Lyell. 

In Europe the remaijis of shell-fish are the most abundant fos- 
sils, of which more than 800 species have been already described. 
They are very similar to existing species. 

(3.) Articulata, — The remains of lobsters, insects, &c., are not 
very abundant. The most noted locality of fossil insects is at 
CBningen, near Lake Constance, where many species, in the dif- 
ferent states of larva^ pupa, and imago, have been very perfectly 
preserved in a stratum of marl. They appear to have fallen into 
the lake from the flowers upon its bank, and to have become en* 
veloped by the fine marly sediment. 

(4.) Fishes. — The tertiary deposits have yielded more than 350 
species of fossil fishes, but the most interesting of them are found 
in the miocene and eocene. 

The most celebrated locality belonging to the pliocene is at 
CEningen. The genera are chiefly allied to the modem carp and 
tench, with an extinct species of pike. Although th^ number of 
individuals is large, not more than 20 species have been described. 
The tertiary marls in South Carolina contain several species of 
fish, particularly of those belonging to the shark family. 

(5.) Reptiles. — The remains of batrachians, frogs, toads, and 
newts are found in the marl beds of the Rhine, at CEningen, as- 
sociated with a gigantic salamander three feet in length, whicli 
was at first described as a *^JbssU man /** 

Frogs and other reptiles are also abundant in the brown coal 

The following, Fig. 59, represents one species of frog : 

What is said of the articulata f of fishes f Where is the most celebcated lo 
caiity f Mention the reptiles of the pliocene. 
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(Q.) Mammalia. — The molsra and tnsks of the mastodon maz- 
imuH, ami the horns uf an extinct spedes of deer, have been found 
iu 8<)uth Oarulina, 

Tlio romatiia of species of elephant, rhinoceroB, hippopotamus, 
hvi'flti, ox, deer, and mastodon occur in seTeral Eun^an local- 
ities, most of them in the English Crag, 

The tocth of B porcupine occur in the pliocene of Tuscany. 
Tho n'niaiiis of the bear, hyena, fox, and wolf at (Eningen. A 
wnliir mole, aa large as a hedge-hog, on the coast of Norfolk, 
tnil a monkey and bat occur in the pliocene of Sufiblk, England. 
The types of organizatiou in all theae extinct animals are very 
mmilar to those of their existing representatives, but some of the 
(Bociee are of a much larger size. 

BECnOH IL— mOCEHt: OR taODLE terttahy. 

Immediately beneath the deposits described in the last section 

we find a group of strata of great extent, somewhat similar in 

composition and structure, but characterized by diSerent fossils, 

wiled the Miocene or Middle Tertiary. 

I. Miocene of the United Slates. — The miocene strata occur at 

jlSerent points skirting the Atlantic sea-board, from Maasacbu- 

littt to the G-ulf of Mexico. Mr. Conrad, from the small namber 

IkftAtioct species of shells, has referred the deposits of Yorktown, 



DsKriba the miocene of tbe United Blatse. 
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Smithfield, and Suffolk, in Virginia ; those of Easton and St. 
Maiy's, in Maryland, and of Cumberland City, New Jersey, to 
the older pliocene of Mr. Lyell; but as we have already noticed 
the fact of there being but two principal divisions of the tertiary 
in the United States, the lowest group undoubtedly belongs to 
the eocene ; and as the other strata were deposited immediately 
upon it, we have concluded to class them with the miocene, al- 
though from the character of the fossils there would seem to 
have been a long period intervening between the close of the 
eocene and commencement of the mioceRe period. 

1. Gayhead. — A good example of miocene clays occurs at 
Gayhead, Martha's Vineyard, a section of which is represented 
in the following diagram {Fig. 60), A B : 




c c 

SECTION AT GATHEAD, MASS. 

The strata consist of variously-colored clays, inclined at a high 
angle, and dipping toward the northeast. They contain beds 
of lignite {c c), sharks' teeth, and other fossik. 

The strata are of great vertical thickness, amounting to several 
hundred feet, and their great inclination indicates considerable 
disturbance in this part of New England since their deposition. 

2. But the principal deposits of this period are found in Mary 
land, Virginia, and the more southern states. 

The miocene of Virginia comprehends all the atea extending 
from the sea-board to Northbury, on the Pamunkey River, and 
to Coggin's Point, on the James River. The western limit is a 
wavy line passing nearly north and south through these places. 

In the eastern portions the surface is level, and elevated not 
more than 6 or 8 feet above the tide. The western part attains 
an elevation of from 30 to 80 feet. These higher regions are 
separated from the lower by a terrace, which gives the highest 
evidence of having been the shore of the sea. The surface is 

Give examples. Where are the prircipal deposits foandt 
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geaenll J lerel, but k cut tliroagli hj immmerable niTmes, and 
imcw e c ted bj creeks, winch open into the principal rireiB. 

Tbe clifi of Tork Rirer present the foDowing kinds of rocks : 

(1.) Tlie lower stratum is a hlmUk tandyday^ containing great 
nnmben of TmnrUeBa aliieotfa and Sythma Sayttma. 

(2.) To diis succeeds a layer ci browmUk yeilaw sand, with but 
fisw shells. 

(3.) The next stratum consists mostly of Crepidmla coUata^ so 
closely packed together that Teiy little sand or day can gain ad- 
mission. 

(4.) The whole is oreriaid with strata of coarse highly ferru- 
ffimous samd. 

In approaching Yorktown the character of the cliff changes, 
and attains a higher elevation. The lower stratum exchanges its 
turritella for crepidula, and disappears. Different shells also ap- 
pear in the other groups. 

Higher up the river the shelly bed becomes changed, being 
composed almost entirely of comminuted shells, so cemented as 
to form a porous rock 40 feet in height, which thins out toward 
tiia woHt. The fragmentaiy character of this rock, snd the in- 
cltitdtiou of the shelly fragments, although the beds are horizon- 
IaIi dearly indicate the action of the surf and of tidal currents. 
tn wtmo places a band of iron ore overlies the fossiliferous strata. 

Tbe most important fact connected with these and other mio- 
cene strata is the existence of marl beds, composed of carbonate 
of lime, and containing particles of green sand, a silicate of iron, 
which render them highly fertilizing manures. 

Similar miocene deposits exist on the James River, and the 
region south of it ; between the Potomac and Rappahannock ; in 
Maryland, New Jersey, and North and South Carolina. 

A cliff on the north bank of the James River presents the fol 
lowing kinds of rock, which will illustrate the fossiliferous char- 
acter of these strata {Fig. 61). 

1. Six feet of sand and clay overlying the shelly strata. 

2. One foot of reddish clay. 

What kind of rocks do the clifis of York River present T What is the moit 
It &ot connected with the miocene strata? Describe the miooene of 
fver. 
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3. A band of email pebbles 
itoly a few incbes in thickneas. 

4. A layer of aand 3 feet thick, 
cODtaining' Ckama and Vauu de- 
fmvti*. 

5. A stratum 4 feet thick, ctm- 
aiatingmoBtlyof a compact maea 
<tf CAama and Area eattenaria. 

& A Btratum 2 feet thick, most- 
ly of large PecUfu, 

7. Another BtTatum ot Ckama, 
with Area ceiUataria, Paitopea refiexa, about 6 feet in depth. 

8. A second layer of Peetau, with Ottrea eompretairostra, 1 foot 
thick. 

9. Another layer of Ckama 3 feet thick. 

10. A layer otPecteni and Ottrea 5 feet in thickness. 

The marV stratum is very extensive ; it is found on botii shores ' 
of the Chesapeake Bay, 100 miles from north to south, and 50 
milea wide. In Virginia, and North and South Carolina, the 
marl strata are of equal and perhaps still greater extent 

3. Gmerai Daeription t^ikt Miocene oftke United Stata.— 
Without attempting to describe the strata in the several localities, 
it may serve, perhaps, to give a better view of our nnocene beds 
to arrange them in a eection. It is proper to observe, however, 
that the whole series is not found at any one point, and that the 
snbdiviaions, as in the preceding section on James River, are 
oflen more numerous than are represented in the following figure. 
Those who would obtain a more minute and extensive knowledge 
of our tertiaiios, will find ample materials in the Geological Re- 
ports of the several statea. 

It will be observed that the miocene properly consists of three 
groups: the blue- marls, the yellow and gray marls, and aaada 
and clays. 

1. The Slue Marlt. — This group is composed chiefly of a fine 
,blue clay of a dark color, and of a soapy feel when wet, but of a 
»1aiah gray when dry. 

Qiva a^neral deicription of tbo miocene of Ihs United Stato. Into how 
nany and what kindi of rock nmy the iniooene of ths United BtBtes be dtvid- 
■dt Doionbe the bine marli. 
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MOTION OP THE MIOCINK OF TBI UNITED STATES OF AMERICA. 

1. 1[1te tint ami lowost bed, Fig. 62 (1), is a thin stratam of pebbles, sep- 
aratiM tlio miooouo from the eocene, E. 

^t^wor bhio nmrl. 3. Upper blue marl. 

4.TrtWrtr |H)rtiou of the yellow marl. 5. Upper portion of the yellow marl. 

H. jlf>rixt>ntnl binla of aaud and clny partially, and in some cases wholly re> 
itHtvrtl by nqupoua nuoncy. 

7. rioinittct^no Mina and clay. 

•Tho lower bods aro more sandy, and contain shells in a very 
perftvl 8lnto of presen'ation, associated with fragments of zoo- 
|>hyt«»», ivsoniblinur corals. 

*riu» uppor portions are characterized by a beautiful little 
bivnlvo 8holl, tlio Muctra Modicella, in such numbers as to con- 
^tituto in mast onsos one half the weight of the rock. These 
AwAU nrt^ also found in tho lower beds, and in the marls above, 
*mt not to iho oxclusion of other species. 

Tho porfootion of tho shells, and their association in groups, 
piNwo thnt thoy HvihI and died on the spot, and hence these strata 
wort* dopo!(itod in tpiiot water and in a very gradual manner. 

^\ Ti t ^ViVotr \\nd Gmt/ Jlarh are a series of beds reposing 
»ipo« iho prxH^oding, of a yollo\vish or grayish yellow color, and 
oomjHv»od in part of a very gritty sand. The lower and more 
on*torn IhhIs nrt> clavev in their texture, and of a dark brownish 
yellow, a color prvnluoiHl by the presence of oxide of iron. In 
I ho wt>siern portion of these KhIs they are of a lighter coloTy and 
attain a thickness of fn^m 15 to 25 feet 

IVM'ribe the yellow and gray maris. " 
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In the upper beds the fossils are not so perfectly preserved , 
they appear to have been worn by the action of water to a kind 
of sand, and then firmly cemented by the infiltration of carbonate 
of lime, forming a tertiary limestone. This limestone, when first 
taken out of the bed, is sofb, but, on exposure to the air, rapidly 
hardens into a durable compact rock. The layers or fragments 
axe laid upon each other at every inclination, although the strata 
are as a whole horizontal, plainly showing an agitated state of 
the waters during their deposition. 

3. Horizontal strata of Sand and Clay overlie the marls ; the 
lower beds appear to have been quietly and slowly deposited, 
and as the whole group is destitute of marine shells, and con- 
tains pieces of wood, it was probably deposited from the over 
flowings of the streams, after the manner of the deltas of existing 
rivers. The above description of the miocene applies particu- 
larly to Virginia and Maryland. 

These marls contain on an average 40 per cent, of carbonate 
of lime. In South Carolina the proportion amounts to 70 per 
cent. The lime, and the grains oi green sand which are distrib- 
uted through most of the marls, render them an excellent dress- 
ing for the land. 

When we consider that in Virginia alone the marl stratum 
covers an area of from 200 to 300 square miles, furnishing inex- 
haustible sources of fertility to the soil, we can form some esti 
mate of its great value to agriculture. 

II. European Miocene, — 1. The lower portion of the Crag for 
nation is the only representative of this period in the British 
Isles. 

It consists of the coralline and the red crag. The former ex- 
tends over an area of 80 square miles, and is about 20 feet thick ; 
the latter exceeds 40 feet in vertical depth. This group is dis- 
tinguished for the great number of corals which are associate^ 
with its mineral contents. 

In many parts of Europe the miocene strata are of great thick' 
ness, and cover extensive areas. Deposits of this, period are 

What is said of the marl stratam 7 What example of miocene in K. inland t 

H2 
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found in the west of France, the great valley of Switzerland, the 
basins of Vienna and Styria, extending to the plains of Hungary; 
in portions of Poland and Southern Russia, and in the northern 
parts of Italy. 

2. Basin of the Garonne.-. — ^From the mouth of the Garonne to- 
ward the southeast there exists a series of miocene strata, con- 
aisting of quartzose sand mixed with marls. The mails contain 
great numbers of fluviatile shells, associated with others of marine 
origin. These fossiliferous beds are separated from the chalk by 
strata of fresh- water limestone. 

In this part of France the miocene rocks may be'divided into 
four groups : 1. The first and highest member of the series con- 
sists of silicious sands destitute of shells. 2. The second g^up 
is mostly gravel. 3. The third is composed of sand and marl, 
with shells. 4. And the fourth of blue marl, which is also filled 
with shells. 

The fresh-water limestone near Bordeaux shows that the sur 
face must have been alternately occupied by firesh and salt water, 
and hence there must have been elevations and depressions of 
the land during the formation of these rocks. 




4 3 19 3 

SECTION OF THS TALLST OF SWITZERLAND. 

3. Valley of Switzerland, — Between the Alps and the Jura, in 
the valley of Switzerland, of which Fig. 63 is a section, are found 
extensive deposits of miocene strata. Between the Lakes G^ 
neva and Lucerne, the strata consist of three kinds of rock. 

(1) The first is a coarse conglomerate, which gradually passes 
into 

(2) AJlne sandsUme called Molasse. This sandstone is very 
thick and rather sofl, although some of it is suitable for building 
materials. 

(3) Various bands of marl and lignite^ evidently of fresh* water 

Dewribe the miocene depontB in the basin of the Gkuxuine; in the valley of 



W^ 
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origin, as they contain the remains of fresh-water shells, are dis- 
tributed throu^ the molasse. The whole reposes on secondary 
limestone (4). 

The conglomerate and sandstone are at thb point destitute of 
fossils; but further to the north, marine shells and other organic 
relics occur, from which it has been inferred that the deposits of 
this basin were made in an estuary opening into the sea toward 
the northeast. 

The molasse forms hills 300 feet in height above the Lake of 
Geneva; the whole must, therefore, have been elevated with a 
large portion of the Alps since these strata were deposited. 

In the valleys of the Jura and the Rhine similar beds are found 
containing fresh- water shells. In some parts of Rhenish Bavaria, 
the strata of sand and marl contain fossils which show a transition 
from the older or eocene deposits. 

The most important examples of the miocene strata, however, 
are to be found in the central and eastern portions of the conti- 
nent. 

4. Miocene Basins of Vienna and Styria, — The strata of these 
basins consist of conglomeratei^, sandstones, and marls, overlaid 
by coralline limestone of great thickness, coteraporaneous with 
the red and coralline crag of Suffolk, England. 

^.64. 




SECTION OF THS BASIN OF TIINNA. 



In the basin of Vienna, of which Fig. 64 is a section, we find. 

First (1), gravel; secondly (2), Jresh-water limestone; and 
thirdly (3), a kind of marl called Leitha kalk. The whole re- 
poses on (4) Alpine limestone, which is a secondary rock. 

In the basin of Styria, the upper beds alternate with volcanic 
ashes ejected from the extinct craters on the borders of Hunga- 
ry. The coralline limestone, which is mostly covered near Vi- 
enna by calcareous marls, has here a vertical thickness of 400 

- Where are the most important examples found 7 of what do the basim of 
Vienna and Styria consist f 
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feeU Each group is filled with the remains of n^unmalia and 
shell-fish. 

Numerous other beds of this period are found in other parts 
of Europe and in Asia ; our limits, however, will allow of but 
one more example. 

5. Miocene Beds ofAuvergne. — In the center of France, in the 
dbtrict of Auvergne« the miocene deposits are noted for the char- 
acter of their fossils, and for containing beds of alluvium and vol- 
canic rocks. 

The folio wing section, JFHg. 65, exhibits the order of the strata 

at Mont Perrier. They repose upon the eocene lacustrine strata. 

1^.65. (1) Newer alluvium ; (2) 

Miocene diluvium^ contain- 
ing bones ; (3) Breccia^ con- 
sisting mostly of volcanic 
products ; (4) Miocene aUu- 
^ vium, filled also with the 

•ECTION AT MONT PKRRIER, AUVERGNE. l^^^ ^f jj^^ny SpOCioS of 

quadrupeds ; {t) Trachytic breccia and {I) compact basalt. 

In the two beds of alluvium not less than 40 species of extinct 

mammalia have been discovered, many of which are peculiar to 

this locality. 

By inspecting this section, and studying the character of the 

materials and of the imbedded fossils, it is easy to trace the order 

and succession of changes during the formation of these strata. 

1. First, then, after the eocene strata (e) had been deposited 
and covered with lava {I), they were elevated and subjected to 
the action of water, which wore off their edges and formed a basin. 

2. Into this basin the materials of the alluvium (4), with the 
quadrupeds then inhabiting the land, were conveyed. 

3. Then succeeded eruptions from the neighboring volcanoes 
throwing out pumice and ashes, and melting the snows upon 
their flanks, by means of which great floods of water accumulated 
in the gorges, beaiing along the ejected niaterials with angular 
fragments of trachyte, and depositing the mass upon the alluvi- 
um, forming the trachytic breccia (3). 

Describe the miocene beds of Aovergne. , 
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4. Upon this another bed of alluvium (2), during a period of 
repose, was deposited, with the remains of similar animals. 

5. Finally, another series of volcanic eruptions took place, by 
which the breccia {t) were spread over the whole group. 

That volcanic eruptions were frequent during the eocene and 
miocene periods in this part of France, we have the most con 
vincing proofe, in the mdstence of more than 60 extinct craters, 
some of which are represented in the accompanying figure, so 
perfectly preserved that the lava streams can be traced to a great 
distance, as distinctly as those of ^tna or of Vesuvius. 




EIFTINCT TOLCANOSS 07 AUTSRONS. 

III. Fossils of the Miocene. — The miocene deposits contain a 
larger number of extinct species than the pliocene. ^ 

1. Vegetables. — The remains of vegetables are abundant in 
many localities. In some cases beds of lignite are interstratified 
with the miocene clays, as at Gayhead, Massachusetts. 

In the miocene strata of Richmond, Virginia, pieces of drifl- 
wood have been discovered, perforated by canals similar to those 
made by the Teredo. When these fragments of wood are dried, 
they constitute a true lignite. Some hickory fruits exist in a fos 
sQ state in the same locality. 

In Europe, similar vegetable remains are found in most of the 
miocene beds. The vegetables, however, were very generally 
allied to existing species. 

2. Animals, — (1.) The BheUa of infusorial or microscopic ani- 
mals constitute strata of considerable thickness. A stratum of 
white clay, from 12 to 20 feet thick, at Richmond, Virginia, con- 

What proof of volcanic agency daring this period 7 What is said of the 
€Mdl vegetables 7 What remains of animals are there at Richmond, Virginia 7 
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•bti mostly of the silidooB skeletons i^serenl species ci N^viO' 
ula, Oaillonella, Actinocydutf and Casdmoduems, Figs, 67 and 68. 

lV-68. 







MATiOttll. 

QafflonelU 
•ulcata. AetbiocTcli 

The same stratum of marl« containing some new fossil fonns. 
is also found at Petersburg, so that it probably extends over a 
largo area. A similar stratum occurs at Tampa Bay, Florida ; the 
bed appears to bo interposed between the eocene and miocene. 

The polishing slate of Bilin (Germany) forms a series of strata, 
14 foet in thickness, entirely made up pf the silicious shells of 
gaillonellsQ, so extremely small " that a cubic inch of stone con- 
thins Jbrty-one thousand millions /'* 

Professor Bailey, who has examined these minute animals, has 
ol)st\rvod two species of living gaillonellae, from Melville Island, 
identical with tlio fossils of the Richmond marl ; hence the north- 
ern seas contain minute animals, whose species extend back over 
vast poriixls, to a time when they had a much wider distribution 
tlian at present 

The lower classes of animals, the Radiata, Infusoria, &c., are 
flrequently found associated with innumerable generations of 

(9.) MoUuseat the remains of which, both fresh-water and ma- 
rine, are not only distributed through most of the miocene beds, 
but oflon constitute the principal portion of their substance. This 
is the cose with the miocene marls of Eastern Virginia and Ma<? 
rylaud. Many of the shells are nearly as perfect as their living 
representatives. The casts of Chama are cemented into a hard 
compact rock, and each bed is characterized by the preponder- 
ance of one or more species. The shells are found associated in 
colonies, which proves that the animals lived and died on the spot 
where their remains are found. The prevailing genera are C^- 

or what d()«Hi the polishing shite of Bilin oonBist f What diaooveiy was made 
by lHt>f. Bailey t What fuMil shells ara famid in the United States f 
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ma, Area, Pecten, Ostrea, Venus, Orassatdla, Orepidtda, Pectum- 
cuius, and Isocardia, 

In the miocene deposits of Europe the same general types are 
found, although the species are for the most part distinct, and each 
locality is characterized by different shells. The characteristic 
shells in the basin of the Graronne belong to the genera Cardita, 
Concdlaria, Pyrtda, and Vaginula, The whole number of fossil 
species in the various miocene rocks of Europe amount to more 
than 1000, of which about one fourth are extinct. 

(3.) The remains of Articulata, such as crabs, lobsters, and in- 
sects, are not very abundant, but 

(4.) Fishes, particularly of the shark family, flourished in great 
numbers, both in Europe and America, during this and the pre- 
ceding period. 

The tooth of a shark found at Gay head is much larger than that 
of any living species-: the animal to which it belonged must have 
been 70 feet in length. A tooth found in North Carolina is still 
larger, measuring 5 inches in height and 4^ in width : the largest 
in the collection of Professor Gibbes, of South Carolina, is 6^ 
inches in height, and 5 inches across the e3(:treroities of the root. 
Fig, 69, on the following page, is one of the teeth of the Cat' 
charodon megalodon, the largest species of this genus. These 
animals, if we may judge from the size of their teeth, must have 
been 100 feet in length. Other teeth are represented among 
the eocene fossils, page 199. The teeth are rarely altered in 
composition ; the serratures of their edges, and their entire struc- 
ture, are as perfect in most cases as those of existing sharks. The 
great abundance of the teeth which have been found does not 
necessarily prove that these animals were more numerous than 
some other families of fishes, for the teeth of sharks are arranged 
in several rows, and are very durable, so that a single individual 
would furnish a large number. But, from the greater number cf 
species, it is obvious that they attained a much larger develop- 
ment, and prevailed in greater numbers than at the present time. 

Describe the fossil shells of Europe. What are the principal remains of 
fifthes T Gire examples. 




(5.) R^tila, such as batrachians and tor- 
toisea, are frequently met with in the lictiitee, 
ahhougli their remains are not so abundant in 
any of the teriiary rocks ae in those of the sec- 
ondary periods. Fig. 70 represents a tooth of 
a reptile, evidently a species of crocodile. 
Some of the teeth of another reptile allied to 
the crocodile were found in company with the 
prvceding, but the exact locality is not given. 
These remains probably belong to the mioce 
of Virginia. — See Jounud of Science, Sepie 
ber, 1850, p. 233. 

{6,} Birds. — In Auvergne and in Ascensi 

What it sai^of the reptiles of the miooeuei oftheturdaT 
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Island, a few vertebrsB and the eggs of Idrds have been dis- 
covered, but their remains are quite rare in the miocene rocks, 
although this fact does not prove any deficiency of the feathered 
tribes during this period. See page 102.. 

(7.) Mammalia are abundant in several of the miocene de- 
pcNsits. 

The most characteristic mammal o^ this period was found in 
the valley of the Rhine, near Eppelsheim, and is called the Di' 
HOtherium, Fig. 71. 

Fi^, 71. 




DINOTHERIUM. 



From certain fragments of the teeth and head the animal has 
been restored. It was 18 feet in length, and resembled in its 
proportions the American tapir. It had two tuska in the lower 
jaw, similar to those in tihe upper jaw of the walrus. Fitted by 
Its structure and magnitude for living mostly in water, this ani- 
mal appears to have formed a connecting link between the aquat- 
ic mammalia and the land pachydermata. Associated with these 
remains were those of thirty extinct species of fossil mammalia. 

In the miocene alluvions of Auvergne, more than forty species 
have been described. The large pachydermata are very abund- 
ant, as species of elephant, mastodon, hippopotamus, rhinoceros, 
tapir, bear, and horse. 

There are also the bones of many other families, as of the ox 
tribe, many species of deer, three species of the cat family (jPeZw), 
and three species of bears. This locality has also furnished the 
remains of a species of dog, otter, beaver, hare, water-rat, glut- 
Describe the most characteristic mammal. What^ther mammals? 
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ton, Bod of a pecvliar genoi, the agnotheriam, wlddi was alHed 
to the dog, but u large as s lion. 

The tooth anq other remains of a seal were ducoTeced by Dr. 
Burton in the miocene of Richmond, and bave been described 
hj Dr. Wyman in Silliman's Journal for September, 1850. Alan 
the tooth of ihJPAocodoit (Agassiz), Fig. 12, an animal allied to 
die baulosauriiB of Harlan. See page 203. 

In the tame deposits Dr. Burton diseorered the remuna of a 
Oetaeeoft, alned to the wbale, a portion of the jaw of wUch is 
represeate^ in Fig. 73, a. 




The seas of the pliocene and miocene periods were fiHed with 
marine mammalia, such as species of walrus, whale, dolphin, seal, 
and lamartin ; but every species of mammalia, and even scnne of 
the genera which flourished. at the time, and whose remains are 
distributed through many beds of rock, have long since ceased 
to have any living representatives. 

They were created and adapted to the conditions under which 
they were to live ; they enjoyed their brief period of existence, 
and having left: in the rocks the imperishable memorials of life 
and death, have been succeeded by other fonns suited in turn 
to the altered conditions of the earth's surface. 

What remuiu of oetsceuu have been £ico*endt Hatn thny a^ HYtag 
tapmentatiTut Whalraaaraitamgiwdfbrd^t 
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SECnOIl nL— EOCEHE Oa OLSES TBRIUSr. 

The strsta embraced in the eocene division of tlie tertiBry are 
better defined, and more eltenslTe and important, than either of 
the preceding groups. 

L Geographical Dittrihittwn. — In the United Statea eocene 
deposits underlie the miocene, extending from Maryland through 
Yir^nia, North and South Carolina, Georgia, and the states boi^ 
deling the Gulf of Mexico. 

In South America there are two extensive deposits, called the 
Fatagonian and Quaranian. 

CotemporaneouB strata are spread over &e southeast of En- 
gland, occupying the London and Hampshire basins, the Paris 
basin, uid district of Auvergne in Central France, the basin of 
the Netherlands, Aix in Provence, the southern flanks of die Alps, 
the eastern portion of the Grecian Archipelago, and the sub 
Himalayan range of mountains in Northern India. Of these ex- 
tennve deposits we can present but a few examples. 

II. Eocene of the Vitited StaUt. — In South Carolina there are 
three principal groups. 

1. The Buhr-itone Group. — This ia mostly composed of sand, 
clay, marl, silicified shells, and bands of iron ore. The following 
section. Fig. 74, from Aiken to Horse Greek, exhibits the order 
and character of this group : 

G. Granite. 

1. Beds of sandstone and 
grit. 

2, 3. Beds of sand, gravel, 
colored clays, &c. 

4. Silicious clay bed. 

5. Silicified shells. 

6. Beds of -sand and iron 
ore. 

This section embraces B 
▼ertical depth of 800 feet, and the rocks belong to the lower di- 



Iig.^i■ 




le deponti dutribiited T DeMribe the ^ala-atoiie gnmpw 
sctioii at Aiken, S. O. f 
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The most important stratom is that containing the silicified 
shellsy marked 5 in the section. It is about 30 feet thick* The 
shells have left their hollow casts, which are filled with silica, 
giving a porous structure to the rock, on which account it is ad- 
mirably fitted fi>r milUtanes. Porcelain clay, of a superior qual- 
ity, is found in the beds below, the low^r part of which exhibits 
marks of considerable disturbance during its deposition. Asso- 
ciated with the clays are pieces of silicified wood, shells, and 
bones of extinct animals. 

2. Santee Beds, — The Charleston basin is about 75 miles long, 
and 60 miles wide. The eocene beds here consist of white 
limestone, marls, and green sand. The strata are highly calca- 
reous, and the marls are in some places hard, and in others clay- 
ey. This group also occupies the lower portion of the eocene. 

3. Eocene of the Ashley and Cooper Rivers, — The eocene beds 
on these rivers occupy a higher position, and, in connection with 
the Santee beds, are 600 or 700 feet in thickness. They are com- 
posed of various marls, and are noted for the remains of sharks, 
chelonians, cetaceans, and quadrupeds. 

The following section shows the relative position of the eocenn 
rocks in South Carolina. 




SICTION OF THE EOCENE OF SOUTH CAROLINA. 

1. Ashley and Cooper beds. 4. Bahr-stone fonnalion. 

2. Ooralline marL 5. Pleistocene. 

3. Santee beds. 

4. The Eocene of the Jameses River ^ Virginia, consists also of 
clays and sands of a greenish tinge. They often contain green 
sand, gypsum, shells, &c., and repose upon sandstone. The lat- 
ter is much channeled, showing the long action of aqueous cur- 
rents previous to the eocene period. Similar beds occur on the 

Potomac. 

»■ ^— ^■^— ^^^— ^^^— ^»^— ^^^^p.^^^— ^^— ^-^»— .^^^.^^— .^_ — ^^— 

Which is the most important stratum t Describe the Santee beds ; the eo 
eene of the Ashley and Oooper Biven; of James Biver. 
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t>. Eocene deposits are found in all the states bordering the 
Ghilf of Mexico. The most celebrated localities are at Tampa 
@ay in Florida, Claiborne in Alabama, Vicksburg in Mississippi, 
and Washita River in Louisiana. 

6, The following table will give a chronological view ctf the 
nxeae of tho United States, with the characteristic fossils: 



VhMoaM. 


LooUtlH. 




Dppw 


Sl Btaphen's, azid of Chibonie, 
Al.,aiidpartofthatoftheCharlB* 
tonb<i.in,e.C. 

Bay, Florida. 


acutella LyellL 

■' Eogenri. 
PechiD Fonboni. 


Nsffsr Eocene. 


f Nnmmnliias Fbridana. 

i Cre.tellaria rotella. 
lOilrea Georgiana. 


Lower 

or 

(SAerVotmus. 


Fomilifaroiu Bands of Claibome and 
St.Stephen'i,Al.i of the Waihito 
Biier, neBi Monroe, Lb. ; Pamiia 

ceoe green mod on Jameg's River, 
below City Point, Va. i Fort Wash- 


Oslrea selltefonni*. 
Tairitella Mortom. 

Conrad. 



III. European Eocene^-~The mpst important tertiary deposits 
in Europe, as well as in America, were formed during the older 
or eocene period. 

In England the eocene is chiefiy found in basio-ehaped de- 




1. Marine or Bagshot sand, 400 feet thick. 

2. London clay, 350 " " 

3. Mottled clays and sand, or plastic clay, 85 feet thick.. 
What kindi of lock in tho b 
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pressions of the chalk. There are three principal basins — ^tha 
basin of the Thames, of Hampshire, and of the Isle of Wight. 

1. Basin of the Thames. — The deposits here consist mostly of 
what is called the London clay. The strata are divided into three 
groups, and are represented in the preceding section, Fig. 76. 

(1.) The beds of the lower division, which form the base of 
the London clay, rest on the chalk, and often contain rolled frag- 
ments of chalk and flint. The deep indentations in the chalk, 
and the irregularity of the surface, give striking evidence that it 
was subjected to the action of water for a long time previous to 
the commencement of the eocene period. In the lower beds, 
fresh- water shells, drifl-wood, and various species of plants have 
been discovered, but the great mass consists of 

(2.) London day^ which varies from 300 to 600 feet in thick- 
ness. It is of a blackish color, tough, and often mixed with a 
greenish earth, white sand, and flattened masses of clayey lime 
stone, called " septaria.'' The latter contain cracks filled with 
calcareous spar, and are used for Parker^s cement. 

At the mouth of the Thames, on the Isle of Sheppey, clifts are 
exposed more than 200 feet in height, and the total thickness of 
the clay is not less than 600 feet. This locality has been long 
celebrated for its fossils. More than 50 species of fishes, a num- 
ber of crustaceans, and other invertebrate animals, bones of large 
serpents and of birds^of prey, are found ; but the most intei^stbg 
are the fossil fi-uits, berries, and woody seed-vessels of several 
hundred species of plants. These fossils are strongly impreg- 
nated with iron pyrites, which renders them very brittle and per 
ishable. 

The character of the vegetable remains indicates a tropical 
climate, and the existence of numerous spice islands in the vicin- 
ity during the deposition of these strata. 

(3.) The Bagshot sands are mostly silicious, but sometimes 
marly, and are nearly destitute of organic remains. These strata 
are found capping the Highgate and the Hampstead Hills, neai 
London, and were no doubt formerly continuous over the whole 

What is said of the London clay t of the Bagshot sands f 
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BurfacOy but have been mostly carried away by the subsequent 
agency of water. 

2. In the Hampshire Basin the strata are much thicker, and 
yary somewhat in*^ compositicSn. , The following table by Mr. 
Prestwich exhibits the order and average thickness of the sev- 
eral groups : 

(1.) Fluvio-marine and fresh-water series . 350 feet. 

(2.) Barton clays .- 300 " 

(3.) Bracklesham sands 700 " 

(4.) Bangor beds 250 " 

(5.) Mottled clay and sand 150 ** 

Total 1750 

The first three groups lie above the London clay, and the others 

are cotemporary with it. In the upper groups of this basin and 

in the Isle of Wight, beds of fresh-water origin alternate with 

those deposited in salt water. It is evident, therefore, that the 

deposits were made in an estuary opening into the sea. 

3. Paris Basin, — The eocene basin, upon which the city of 
Paris is built, is about 100 miles from east to west, and 180 miles 
horn northeast to southwest. The total thickness is 700 feet 

The following section of the Paris basin. Fig, 77, will serve 
to exhibit the order of the several groups of strata : 

7 7 _ 

3 
SECTION ON THE BANK OF THE SEINE— PARIS BASIN. 

6. Upper fresh-water sands. 7. Upper marine sands. 

4. Oypsnm. 5. (3reen marls. 

> ^ ' 

2. Oalcaire grossier. 3. Oalcaire siUcenz. 

> ^ : — ; 

1. Plastic clay. e. Chalk. 

(1.) Plastic Clay, — The lowest and oldest stratum is of fresh* 
water origin, and reposes upon the chalk (c). It is composed of 

What is the depth and character of the deposits in the Hampshire basin f 
What is the extent of the Paris basin T Describe the plastic clay. 
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clay and lignite, and contains rolled pebbles of chalk and of flint, 
associated with fresh-water shells. The portion of clay called 
^'plastic day** is extensively employed in pottery, and some of 
it is used for the finest porcelain ware. 

(2.) Calcaire Chrossier. — This stratum is a marine limestone, oc- 
cupies the northern part of the Paris basin, and is remarkable 
for the great numbers of fossil shells. More than 400 species 
have been obtained from a single locality at Grignon, near Paris. 
The shells are imbedded in a sand composed chiefly of fragments 
of shells. Nearly 140 species of the genus Cerithium have been 
described. There are also strata of argillaceous and calcareous 
marls, alternating with limestones, some of which, in the lower 
beds, are Nummulitic, (See page 197.) 

(3.) Calcaire Siliceux. — The next stratum is a siliciou^ lime 
stone, a fresh- water formation, apparently deposited from mineral 
springs. It is almost destitute of organic remains ; but its struc- 
ture is peculiar, being filled with small empty cavities, on which 
account some of it is employed for millstones (Buhr-stone), 

(4 & 5.) Gypseous Series.-^A series of white and green marls, 
containing gypsum, and also limestone, reposes upon the calcaire 
grossier, and constitutes a remarkable group of fresh-water ori- 
gin. The celebrated plaster of Paris quarries are found in this 
group, and in the center of the basin. 

The gypsum is supposed to have been chemically precipitated 
from the waters of the southern rivers. How the water became 
impregnated with such large quantities of this mineral is not cer- 
tionly known ; but it was probably due to volcanic agency, which 
yfe know was active about this period in Auvergne, near the 
sources of the rivers. Fluviatile shells, wood, the bones of fresh- 
water fish, reptiles, birds, and quadrupeds, are abundant. From 
these strata Cuvier derived the materials, bones of mammalia, 
which formed the basis of his great discoveries, and laid the foun- 
dation of the science of PalcBontology, 

(6.) Upper Marine Sands. — The next group consisjs of marls, 
micaceous and quartzose sands, and beds of sandstone filled with 

Describe the calcaire grossier; the calcaire siliceux; the gypseous seriet. 
What important fiict connected with these beds? What other groups in 

haaml 
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oiBTUifl shells. These beds ore separated &om the gypsum by a 
thin bed of oyster shells, and are gecierally ntuaced upoo Uie 
Bummits of tbe bills. ^ 

(7.) Vpper Fresh-vater Sandi. — The highest and lut group 
of this basin consists of fresh-water marls, which are interstrati- 
fied with layers of flint, and contain numerous animal and veg- 
etable remains, espocially the seed-vessels of aquatic plants 
These deposits appear to have been formed in maFshes and fresh> 
water lakes aAer the basin had been nearly filled, and portions 
of it elevated above the water. 

The altemationa of marine and fresh-water deposits in the 
Paris basin indicate several elevations and depressions of the 
land during this period, and yet a few of these groups toay have 
been cotemporaneous, for some of the marine strata were de- 
ported in that part which was open to the sea, while the fresh- 
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water deposits were thrown 
down near the mouths of rivers. 

We have then, in this part of 
France, an ancient gulf of the 
chalk, opening into the eea to- 
ward the northeast. Into this 
gulf large rivers from the south 
emptied, bearing along the land 
animals, plants, and fresh-water 
shells, which inhabited the land 
and the water at the time. By 
a series of elevations and depres- 
sions, the sea was alternately ad- 
mitted and driven out, until the 
whole basin was filled and ele- 
vated to its present position, a 
monument of the agencies of life 
and death during inconceivable 
periods of the past. 

4. Eocene Banm ofAueergtte. 
— In the center of France there 



7 of the changes. Describe the w 
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■re three lacuBtriiie deposits of the tertiary, represented in tha 
map on the preceding page, Fig, 78, Anvergne, Gantal, and Ye- 
lay. The strata consist of nearly horizontal beds of sandstone, 
marls, clays, and limestones, which are all of fresh-water origiD, 
and repose on granitic rocks. 

The most northern is in the valley of the Allier, and is devel- 
oped on each side of that river for a considerable diatance, with 
an average width of 20 miles. 

The rocks consist of four groups. 

(1.) Sandstones and Conglomerates abound upon the borders 
of the basin. The band, however, is not continuous around the 
entire margin, but interrupted at different points, apparently by 
torrents from the neighbonng high lands. The beds contain an- 
gular and rounded fragments of the primary rocks of the region, 
granite, gneiss, mica, and clay-slates. Lignite and pieces of wood 
are found, but no shells. 

(2.) Red Marl and Sandstone, somewhat resembling the red 
sandstones of an older period, abound in some parts of the basin. 

(3.) Green and White foliated Marls next occur near the cen- 
ter of the basin, composed of the same materials, but of very fine 
texture. The marls are not less than seventy feet in thickness, 
and thinly foliated. This structure arises from thin scales of the 
Cypris, a genus of small crustaceous animals, species of which 
now inhabit stagnant pools, and annually cast off their crustaceous 
envelopes. 

These yearly deposits have given rise to divisions in the marl, 
so that the leaves are as thin as paper, and what most astonishes 
us is the fact that this structure extends through several Hundred 
feet of vertical depth, indicating a clear and tranquil state of the 
water, and pointing to the immense periods of time during which 
the beds were forming. 

The three groups were probably in the process of formation 
at the same time ; for while the marls were thrown down in the 
center of the basin, the coarser materials would be deposited 
near the margin, and be formed into conglomerates and sand- 
tones. 

(4.) Limestone, Travertine, Oolite.— ^he preceding rocks fi^ 
quently pass into limestones, which in some cases are oolitic, that 
is, are composed of concretions which resemble small eggs. Some 

Of how many g;roap8 do the rocks consist in the valley of the Allier T Do 
scribe them 
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of the limestones are filled with the cases or indusitB of the larvao 
of Fhryganeae, and are called indusial limestones. 

The larvae of this family are accustomed to attach to their dwell- 
ings small shells, grains of coarse sand, &:c. The extinct species 
of the same eenus had similar habits. The tubes were thus left, 
when the animal had passed through its metamorphosis, on the 
bottom, to be covered with mud, and to give character to the 
strata. (See page 198.) 

(5.) Gypseous Marls. — On the right of the Allier there are 
strata more than 50 feet thick of laminated gypseous marls simi- 
lar to those in the Paris basin. These beds rest on strata of green 
cypriferous marls^ alternating with grits. The whole constitutes 
a stratum whose vertical depth is more than 250 feet. 

In Velay and Cantal the fresh-watei* formations are similar to 
those in Auvergne, although in Cantal the deposits are more sili- 
cious, contain flints, and can hardly be distinguished from the 
chalk. 

5. Nummulitic Formation of the Alps, — Some of the higher 
Alps are formed of nummulitic limestones^ with overlying strata 
of dark slates. This group was formerly supposed to belong to 
a much older period, but lately it lias been referred to the older 
eocene, many of the fossils being identical with those of the 
Paris basin ; hence it is inferred that the upheaval of the Alps, 
with all the contortions and dislocations of the strata, have occur- 
red since |he deposition of a considerable portion of the eocene ; 
and that while the London clay was in the process of accumula- 
tion, the ocean still rolled its waves over the space now occupied 
by some of the highest summits of the Alps. — Lydl, 

IV. Fossils of the Eocene, — At the commencement of the eo- 
cene period, types of animals and vegetables, closely resembling 
those which now exist, were brought upon the earth's surface ; 
we should expect, therefore, that these fossils would be similar 
to those already described. In general this is the fact, but there 
are uome which are characteristic of this period, and some which 
are common also to the miocene. 

Of what are some of the higher Alps composed ? What reason for placing 
them in the eocene 7 What types of animals and vegetables were introduced 
with the eocene t 



19d TEKTIAKY PEKIOD. 

1. VtgetahUt. — In the eocene depoBits of the United Stales 
and Europe, the remains of vegetables ofien form beds of ligiiiie, 
it) which the leaves and portions of the wood of trees are found 
in abundance ; particularly is tbu the case iu fresh-water basins ; 
but the vegetable remains which have excited most attention are 
those of the London clay (Isle of Sheppey). Several hundred 
epecies have already been determined, all extinct, yet indicating 
by their structure the tropical character of the climate at the time 
they flourished. 

The remains of the seeds and seed-vessels give to these fbsnls 
a peculiar interest. The following figures represent some of di* 
most common of their fruits : 




1. PlBTophiloidBS Hichardsoni, 1." 
9. Nipaditei cordiformis, ). 
3. Caonrmitei Tariabilu, i* 

The most abundant of these fruits are those called "Jhttilfigt" 
(2). They are allied to the fruits of the Pandanut or screw pine, 
and also to the Nipa. The latter is a small tree growing in 
marshy and clayey places in the Indian Archipelago. From this 
resemblance the fossil fruits are called Nipaditea. Thirteen spe- 
cies have been described by Mr. Bowerbank. 

Some of these fruits have a striking resemblance to coffee (4). 
Others are referable to the cucumber and gourd family (3). 
Others, still, resemble the common scarlet bean (5), with some pe- 
culiarities which distinguish them from any living plant. There 
have been at least 35 species of this latter genus found at Shep- 
* Fractional parts of natural size. 

Ths moat remarkable locality ofloaailngatablnT What ii their chaiacIerT 
Ottenb* the foawl (niita of the hie of Sbeppc?. 
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pey. There are two bean-like fruits, the one allied to the jj'xs* 
cia, and the other to the common Laburnum. 

Mr. Bowerbank has found other fruits allied to the pepper, tho 
cardamom, the cotton-plant, the cypress, and the coniferse (1). 

Most of these families are now represented by the existing 
tropical plants, although all the species and at least one genus 
have long since passed from the surface of the earth. 

2. AMimdls.—^{l,) The lower and microscopic animals were 
very abundant during the eocene period, although they do not 
appear to have formed as extensive beds of rock as were depos- 
ited during the miocene period ; but a family of very minute an- 
imals, allied both to shell-fish and polyps, called Faraminiferap 
have contributed to the formation of extensive strata, not only in 
the tertiary, but in the older rocks. 

Some of the shells of these animals are microscopic, and othere 
are of the size of a small coin, and are called Nummulites, Fig, 
79 represents several forms. 

\F4j'. 79. 






eaOUP OP FORAMINITEBA. 

o. Lineolaria. /. Opercolina. 

b. NnmmuliteB. g, Folymorphina. 

e. Frondicnlina. h, Frondicmina. 

d, Vincularia. i. Trilocalina. 

e> MarginnliDa. j. Alveolina. 

Nummulites are the largest and most widely diffused; theii 
shell is divided into a vast number of chambers, which communi 
cate with each other. Many of the eocene rocks are little else 
than aggregations of these shells. Several thick beds of the caZ- 

What is said of the lower forms of animals during this period 7 What &iii> 
ily is the largest and most widely diffused 7 



eaire grottier axe endreljcompoMdof aamall qteda calleddM 
Miliota, from ita resemblaaca to millet-Beed. 

(8.) Tbe London elmj cootainB Bome ccbsIs, bat ibaj are gen- 
erally of imBll sizs. Conla and Bpongee Iutb been obaerred in 
all the eocene deposits of the United Stales. The species indi- 
cate a Bhallow soa in which the atiimab lived. 

(3.) The Mollutca of the eocene present us with manj spedcs 
which ore not found in the other diriaions of the tertiary. 

Many of the strata are made yp of comminuted shellB. 

The huhr'ttome of the United Stales appears to hare been com 
poBod at first of abella, but their places have become snpp)i(?d 
witli Kilox, althoufih the form of the shell is still r^ained. 

I'hn Kuropi-iiii I'occne ia characterized by aimilar shells, al 
thoiiKh the Bpei'ii s differ, and aonie 3 or 4 in 100 are identical 
with ihosn which now inhabit the adjacent aeas. 

(4.) Thf Remain* of Crutlaceam. — Lobsters, crabs, &c.,al>ound 
in llm Isle of Sheppey, at which place more than thirty species 
havn lioen discoTered. 

A vnry smull crustacean, Cypris {Fig. 80 i» a living species of 
lliiii ^tMiiiH), riiiilributod largely to the formation of the fresh- water 
niiii'U in Anvorgne (soo p. 194). With the marls are associated 
liiii(<ii|i>iii<H, formnil by an aggregation of the indutia of the Caddis- 
Wiirm ( Mtifi/jf). These are little tubes co^ed with small shells, 
Aiid liilH i>f wihkI or straw, and remain after die larva have passed 
iww t)it< |H>rf(ict state. F^. 81 represents one of these tubes. 





eiDVu-woui. 
(it.) .fVsftw.* — The remains ot fishes are abundant thronghout 
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the eocene rocks. The most interesting are thoaa of the siji^alidn 
or shark femily. to the miocene sod eocene of the United States 
the teeth of several genera, and of a great number of species, have 
been described by Professor R. W. Gibbos, of South CUicitina, 
From his iponograph of this family we select the following ex 
amples, Fig. 88. 

Fig.Si. 




6. NotidsDUB prlmigeaius. 
8. HemiprntiB seira. 7. Lnmna olegan*. 

4. Glyphb subukta. 8. Otodns obBqmu. 

9. Oxfrhina bastalis. 
Clatiifieation of Fiik«t.~tA. Agasaiz hai divided Gshei into four ordsn, 
foanded upon the peculiar trtmcture of the BCales. 

I. Placoid (bread plale). — The ikia in this order is covered with enameled 
plates, aa in the gharktamily. Fig. 63, No. 1, representB a plate.aadTTo. 3 the 
prioklj tubercles of my Gshes, 
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coTered wilh ■ , , 

N». 3. The Blnrgeon belongs to this order- 
Ill. Claoid (leolitd or eowiMie). — The acmlM are fbnued of plalai, iriiieh 

•re toothed like a comb, Ab(. 4 and 5. Tha perch is ui eiaiiq>lB of thk bm% 
IV. Cfcloid (dmlar). — In this order the icalea are plates of bone or boin, 

without ensniet No. 6. The borders are amoolii, bat the eitemal sor&ce *» 

rioDtljr marketL The mullet, —I'""", and carp belong to this order. 

The fishes belonging to each of the orders mentioned above 
floarished in very different proportioHB dniing- the successive ge- 
ological periods. Those of the Ganoid and Placoid orders were 
first ihtroduced, and prevailed exclnsively till the cretaceous pe- 
riod, when the Ctenoid and Cycloid orders were introduced, and 
have continued till the present time. They include five sixths 
of existing species. All the foHsil fishes found in tha palseozoic 
rocks are distinguished by having the vertebrae of the tail pro- 
longed into one of the lobes of the tail, so that the lobes are an- 
equal, while most of the fishes since that period have egwtUy bi- 
tobate tails. The tails with unequal lobes are said to be Aetero- 
cereai, and those with equal lobes homoceroA 

Existing «xamples of fishes with heterocercal tub are sharks 
snd sturgeons. 

Coprolitea. — Associated with the fishes are their coprolites, or 

Hon Bre the orden diatribuled thioogh geological times I What are Smnd 
usociated with ibe remainB of fishes I 
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foecal remains; some oftbem are of'large size, and udicate by 
their structure the character of tbe animals which existed at the 
time. One of the Coprolites found at Richmond was 6^ inches 
in length, and 3 in diameter, Tbe remains occur in moat of the 
foBsiliferous rocks. 

Two species ottato^ih (Prutit) have been found in tbe Islo 
of Sheppej, and one species at least in the United States, of which 
Fig. 84 represents a tooth. 

Fig.BL 



The genus Myliohatia [Eagle Ray), of which there are five 
living and fifteen fossil species, was allied to the preceding. 
Thoir teeth occur in the Isle of Sheppey and in the eocene of 
the United States. 

Fig. 83 represents the appearance of the teeth of Myliobaiit 
Holmesii, from South namlina. 




" The genus is characterized by broad, transverse teeth, on % 
flat plate, bounded laterally by three rows of nanow hexagonal 
teeth of equal length, united by fine sections. The arrangement 
resembles that of a tesselated pavement." — Gibhes. 

At the celebrated locality of Monte Boles, tbe remains of a gi- 
gantic torpedo was discovered, with a large number of fishes be- 
longing to several fsmilieB. 

At Aix, in Provence, a small slab of marl was found which 

Describe ihe Gshoi (bund in South Carolina. Meution tilher localilie*. 

12 
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contains multitudes of small fishes as perfect as if recently im- 
bedded in soft mud. 

The fishes of the tertiary period resemble those that now ex- 
ist ; but all of the species and many entire genera (about one 
third of those belonging to the eocene) are extinct. 

(6.) Reptiles, — The remains of reptiles are not so numerous in 
the tertiary as in rocks of an earlier date, but the vertebrae of a 
serpent found in the Isle of Sheppey is the earliest indication of 
the ophidian tribes on the surface of our planet. It was allied 
to the Boa, and must have been 20 feet in length. The croco- 
diles of the London clay were more nearly related to those now 
living in the island of Borneo than to those of the Nile. Tur- 
tles are more numerous, and some of them attained a great size. 
The remains of a turtle found in the sub-Himalayan tertiary 
measured twenty feet across the curve of the shell. The fossil 
turtle is distinguished from those that now exist by possessing a 
combination of the jaws and buckler of the fresh water with the 
bony helmet of the marine species. 

Birds, — The remains of birds are rare in the fossil state. From 
the gypseous quarries of Montmartre, near Paris, Cuvier discov 
ered nine or ten species, related to the pelicax^ sea-lark, curlew, 
woodcock, owl, buzzard, and quail. In a few cisses the skeleton 
was nearly entire. The bones of a bird allied to the vulture oc- 
cur in the Isle of Sheppey. 

Mammalia. — In the United States the remains of a remark- 
able cetacean mammal were first noticed by Dr. Harlan, of Phil- 
adelphia, who, in 1832, described a gigantic vertebrae, from the 
Washita, weighing 44 pounds^ and referred it to a new genfis, 
which he called Basilosaurus {king of Saurians), 

In 1848, nearly an entire skeleton was found in the eocene 
limestone of Alabama, and is now in the possession of Dr. j. C. 
Warren, of Boston. The length of the animal, when living, 
could not have been less than 70 feet. Dr. R. W. Gibbes, of 
Columbia, South Carolina, has described three species. 

What reptiles are Ibund in eocene deposits ? Why are birds rare in the fot 
kilAtate? What remarkable mammal in the United States? 
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The following figures are repreaentatioiu of the teeth sncl 
bones oftbeae remarkable animals: 




Ragtami of Upper Jaw of Baaiotaarat Sqmttodon. 







V of BaiiUiaunu CttoiJf, 



The reference i 
auimala to 
tnammalB, or whale tribe, 
has been ahovm aadsfacto* 
rily, not only from the char- 
acter of the teeth, aod tbeii 
insertion in the jaw (F^* 
87 and 88), but from the 
structure of a cranium dis- 
covered by Prof. Lewis R, 
Gibbes, and described by . 
Prof. Tuoniey. The goo- 
logical position of these re- 
mains in South Carolina is 
in the older, and also in tha 
upper eocene beds. 

Mr. Koch, B German collector, 
a few jeara siDC« obtained a large 
namber of Tsrlebm, belnogiog to 
many individualft, wiUi the bonei 



iQ fiir referring these animali to the celacean fnnQyT 




of oilier »n i iin ]f With tbna and oOi 
er mitariBU, ha fiofiKnicted a ikeletn 
of euormaui Irngth, and eihibited it (a 
the poblic with the avae of Hi/irvr- 
eku. The impooitiDn wai at Grat hic- 
ceaGil, DDtil leen ud eipoud bj Fnif. 
Wjman, of Boaloa. 

Since these bonoB extend 
tbrODgbout the eocene strata, 
I these animak must have lived 
' during a period sufficieotly long 
for the deposition of soreral 
II Berralui, Gibbea. hundred feet of rock. 
The most characteristic mammab of this period are the Packy- 
dermata. Four fifths of the fifty species of quadrupeds found in 
the Paris ba^n belong to one division of this order, represented 
at the present day by only fiiur living species, of which three are 
tapirs. 

The two genera, PalaolAerium and Anoplotherium, are only 
found in this early part of the tertiary period. The Palaotheri- 



nf.eD. 



um. Fig. 89, was intermediate be- 
tweon ilio tapir and rhinoceros. 
Twelve species of this genusjiave 
been described, varyingin size from 
thut of the rhinoceros to that of the 
pig. The animal had a short fleshy t 
trunk, and was adapted to live in 
Bworapy districts, feeding on coarse i 
vegetables, like the tapir of Amer- 
ica and Asia, to which it was very - 
nearly allied. Palmlitrin Itimor. 

The genua Anoplotherivm contains but six species, vaiTing 
much in size, from the dimensions of a pony to that of a bare. 

Anoplolherium Comtnunt is most abundant in the Paris basin. 
It was 4 feet high and 8 feet long, of which 3 feet belonged to 
th'.) tail. It resembled the otter, and lived in marshy places. 

Anoplotherium Qracile was a much more graceful and slendet 
animal, resemblingin its structure the gazelle. Fig. 90. 




During what period did Ibeaa aiuaials Itvi 
nitat Deicribe Iha palantberiulil and ant 



? WhatUuidof thepachyd•^ 
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*" Anoplotherium Oracile, 

Anoplatherium Le^orinum, a much smaller species, resembled 
the bare. The bones of another small pachyderm, still more like 
the hare, have been found in the London clay, called HyreKothe- 
rium, and a very rare genus called Charoptamus, similar to the 
preceding, in the Paris basin. 

Of the remaining mammals of the eocene, two species of dor- 
mouse and two of the squirrel, an opossum, and a bat, have also 
been found in the Paris basin. The remains of monkeys occur 
in Brazil, India, and in England. 

In the Sewalik Hills, in Northern India, many remarkable fos- 
sils have been discovered, in which are many species of pachy- 
dermata, and of the other orders of mammals. Of the pachyder- 
mata there are two species of mastodon, two new species of ele- 
phant, several new species of rhinoceros and hippopotamus ; sev- 
eral allied to the hog ; three new species of horse, one of which 
had the slender and graceful figure of an antelope. 

The same district contains the remains of many RuminanU, as 
two or three species of girafie, two species of camels, and many 
species of antelopes, deer, oxen, and other existing genera. But 
besides these, there is a new genus, the SiveUkerium, a ruminant 
larger than the rhinoceros, having many a£Snities with the ele- 
phantoid animals. Its head was large, and provided with two 
pairs of horns, with a large upper lip, probably extended into a 

What other animals oelong to the eocene f What animals have been found 
in Northern India? 
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shore tronk, small eyes, and teeth fitted to maaticatB leares and 
twigs rather than grass. It appears to hare been intermediate 
between the ruminants and pachyderms. 

Most of the other orders of mammals are Ibimd among tbe fos- 
sils of this remarkable region. 

We find in the tertiary rocks all the orders of mammalia, with 
the exception of the human species ; the remains of man hare 
never been found* in any but the most recent deposits, and hence 
the changes which we have described as belonging to the tertiary 
period were all antecedent to his existence on earth.* 

SECTION IV.-CLOfATE AND PHYSICAL GEOGRAPHY OF THE TERTIA&T. 

1. Climate, — The climate of the United States during the ter- 
tiary period, as indicated by the character of the organic remains, 
was considerably warmer than at the present time. 'This fact is 
indicated by the character of the fishes, which are generally lim- 
ited in their distribution by temperature. They are allied to those 
existing within the tropical seas. The sharks, whose remains 
are found in Massachusetts, Maryland, and Virginia, belonged 
to the larger genera, which now live much nearer the equator. 

In South America, according to M. D'Orbigny, the climate was 
the same as at present. In Europe, the character of the fossil 
fruits of the Isle of Sheppey indicates a tropical climate. This 
difference of climate was due to two causes : volcanic agency, 
and the greater preponderance of water in the northern hemis- 
phere ; in other words, to 

2. Physical Geography, — The proo& of changes in physical 

* According to Mr. Tenaaat's catalogne of British eocene fossilB, there are 
of plants 100 species, and the following species of animals : 

Zoophytes 4 species. Conchifera and brachiopoda . . 235 species. 

Echmoderms 5 " Oephalopoda and gasteropoda. 267 " 

Foraminifera 8 " Fisnes 97 " 

Annelida ,.11 ** Reptiles 14 « 

Oirrhopoda 3 " Birds 1 «« 

Crustacea 4 " Mammals 14 *• 



Are all the orders of animals found in the tertiary 7 What is said of the i» 
mains of man ? What was the climate of the United States during the tertiaij 
period ? How is this known f What changes in physical geography T 



PHYSICAL GEOGRAPHY OF THB TERTIARY PERIOD. 307 

geography fiince the commencement of the tertiary, and which 
may be traced directly to volcanic action, are found in the north 
of Italy, in Sicily, in Spain, in Greece, and* the neighboring isl- 
ands, while in the center of France and on the banks of the Rhine 
numerous extinct volcanic craters, with their erupted materials, 
jtill exist. (See page 181.) 

In the West India Islands, in Central America, and in many 
parts of the Andes, the changes produced by volcanic agency 
during this period are no less clearly indicated than in the east- 
em continent. 

It has lately been shown by Sir Charles Lyell that the Alps 
have been uplifted since the commencement of the eocene period. 

According to M. de Elie de Beaumont, there have been five 
principal directions of elevation during the tertiary period ; and 
Johnson, in his physical atlas, has given the following view of 
the changes on sea and land : 

'' During the epoch, the Mediterranean, or another great and 
corresponding inland sea, covered the deserts of Sahara, Lower 
Egypt, and part of Arabia ; for not till long after the commence- 
ment of the eocene were the present contours defined, and the 
lagunes and ancient shores left dry. 

Later still, the Strait of Gibraltar did not exist, and the waters 
of our inland sea mingled through the chaimels of the Red and 
Persian Gulf witb those of the Indian Ocean, which seems to ex- 
plain the analogy of the fossils of the middle and higher tertiary 
Mediterranean beds, with creatures still living in the Red and 
Indian Seas, and with fossils of corresponding age in the great 
basin of the Black Sea and Caspian. At the same epoch, too, 
the North Sea and the Baltic spread over the plains of Northern 
Europe, and another ocean stretched from the recesses of Siberia 
and joined with the Mediterranean by the Black Sea. 

Asia Minor contained small isolated basins, though the Blaclt 
Sea on the south and east was confined by its present banks. 

When were the Alps uplifted 7 How many directions of elevation ? What 
b said of the Mediterranean Sea 7 of the Straits of Gibraltar 7 of other portions 
of Europe and of Asia 7 



In the aonth of Asia a broad sheet serered the pemnsola of In* 
dia, then a triangular island, fiom the chains of the Himalaya and 
their dependents ; and there existed also a great firesh-water ba* 
ain in the peninsula beyond the Ganges, two other basins at least 
in China, one on the banks of the Lower Amour, and two in Si- 
beria. As in the case of Europe, the center of this continent was 
covered by an inland sea, which has now wholly disappeared. 
Other aqueous masses corered Persia, and probably finrned, later 
eren than the tertiaKy epoch, one bann depoident on the Caspi- 
an, and another annexed to the Ii-dian Sea. In another district 
of the continent, large portions of the Isles of Sunda, the Philip- 
pines, Borneo, New Guinea, and Australia were at this period 
under the waters ; and many Yolcanic peaks, now existing and 
belonging to great areas of elevation, had not yet risen above the 
Hurface of the Indian or Malay Seas. 

Turning to the map of America, we discern evidences of 
changes equally singular and, extensive. The Gulf of Mexico 
then penetrated deep into Mexico, Florida, the lower basin of 
the Mississippi, and also into the basin of the northern rivers of 
South America. It washed the southern extremity of the AUe- 
ghanies as well as the foot of the Ozark Mountains, and the Mex- 
ican and Columbian platform. Further north, a g^eat interior 
ocean overspread a part of this continent, comprehending the 
higher Mississippi and the great lakes. 

[The ocean washed the eastern margin of the whole Appala- 
chian chain in the United States.] 

The Gulf of Mexico already contained a few islands composed 
of older formations, probably of much larger size than those 
whose shores it now washes, but its volcanic isles sprung into ex- 
btence subsequently, during that series of subsidences and eleva- 
tions (of 6croulements) of the chains along the ancient shores of 
' South America, which drove the sea from the Ozark Mountains 
and the AUeghanies, and fixed its limits further south. 

The northern part of the continent had three islands, the basin 

What were the general outlines of the American continent 7 the Gulf of 
Mexico T 
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of the St. Lawrence separadng the district of the AUeghanies 
from dry land on the banks of Hudson Bay, and perhaps bend 
ing round to the icy sea. 

** The platform of Mexico tod Guatemala formed an appendix 
of the long isle of the Rocky Mountains, and the Ozark chain 
advanced into the waters. 

** The volcanoes of Continental America, as we see them now, 
were cotemporaneous with the formation of Mexican and Med- 
iterranean basins. 

** In South America we discern abundant proof that at the ter- 
tiaiy epoch the Atlantic covered the great strait between Brazil, 
.the Andes, and Central Guayana, as well as between the Pana- 
ma and the chain beyond the Orinoco ; whence the mingling of 
the tributaries of this and the Amazon, as well as the mode of 
the division of the waters between certain affluents of the La 
Plata and the Amazon. South America was then composed of 
three great islands, for the Isthmus of Panama did not exist.'' 

It is obvious that such changes in physical geography as took 
place during this period must have produced corresponding 
changes in climate. 



CHAPTER VL 

SBOONDABY PERIODS. 

Having in the preceding chapter described those deposits 
which were made mostly in estuaries, shallow seas, and fresh- 
water lakes, we now approach the shores of those great oceans 
in which were accumulated the materials that constitute a large 
portion of our present continents and islands. 

The groups of strata which lie immediately below the tertiary, 
and extend to the base of the triassic, or red sandstone series, are 

Of what was South Amenca then composed? In whbt respects does the 
■econdary differ from the tertiary t 
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called Secondary t also Meaozgic, because deposited during the 
middle period of geological history. The character of these 
groups, mineral and organic, indicate conditions under which 
they were formed, somewhat different from any hitherto con- 
sidered. 

In passing from the oldest of the tertiary to the newest of the 
secondary rocks, there appears to be a wide gap, which the in- 
vestigations of geologists have not as yet succeeded in filling up. 
The chalk strata give abundant evidence of the action of aqueous 
currents, by which their surface has been eroded and largo por- 
tions carried away, leaving the basins which contain the oldest 
tertiaries ; but the deposits formed by this denudation of the 
chalk have not been found — possibly they may be beneath the 
present oceans. But, according to our present knowledge, the 
close of the secondary period terminated the ancient order of the 
earth's surface, with all its inhabitants, and the beginning of the 
tertiary was the commencement of an entirely new creaticm of 
animals and plants, and of essential modifications in the physical 
geography of the earth. 

In pursuing our investigations, therefore, of the secondary 
rocks, we take leave of almost every thing that would remind us 
of the present state of the earth. The remains of the large mam- 
malia are no longer found, and the types of animal and vegetable 
life are altogether new and peculiar.^ We appear to enter upon 
a period of the earth's history when all of its ancient types were 
wearing out, so that not a single species (if we except a few shell- 
fish of doubtful species), and but few genera, had sufficient vital- 
ity to stretch across the gulf of time, which separated the second- 
ary from the tertiary epoch. 

The rocks also are more uniform in structure and composition, 
and extend over much larger areas. The tertiary is character- 
ized by its individuality ; the secondary by its universality. The 
rocks of the secondary epoch are arranged in five divisions or 
ftystems, each of which is variously subdivided : 

What is said of the period between the tertiary and secondary f What 
changes are observed in entering upon the Bocondary periods 7 
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Newer secondary 1. Cretaceous system. 

• ,.,j, J (2. Wealden. 

Middle secondary {3 Ooliticleries. 

^1 n 1 (4. Liassic series. 

Older secondary | ^ ^^^.^ ^^^^^ 

SECTION I.— CRETACEOUS SYSTEBL 

The deposits of the cretaceous period are more fully developed, 
and their character has been more thoroughly studied in Europe 
than in this country. It may serve, therefore, to give a clearei 
view of the Americc^i cretaceous system, if we commence with 
the European. 

I. European Cretaceous Series. — The several groups of strata 
which compose the cretaceous system are better developed in 
England than any other part of Europe. The following table 
will exhibit the order of the several groups,, and indicate their 
geographical distribution : 



English, Danish, and Belgian 
series. 



French series. 



German series. 



..® 
•c 

o 

OQ 

u 

S. 

a, 

P 
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a 
o 

0) 

u 
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1. Chalk of Faxoe, Den- 
mark. 

2. MfBstricht beds, Bel- 
giam. . 

3. Upper chalk, with 
flints, England. 

4. Middle and lower 
chalk and clanch, do. 

5. Ohalk marl, do. 

6. Upper green sand, do. 

7. Gaalt, do. 

'8. Argillaceous beds, do. 

9. White and green 
sandj beds and claj, 
do. 

10. Kentish rag, do. 

11. Atherfield claj, do. 



Terrain senonien. 
Terrain taronien. 

1. Craie chlorite. 

2. Glauconie crayeuse 

3. Craie tofaa. 



Terrain albien. 



■} 



Terrain aptien. 
(Argile plicatules.) 
Terrain n^ocomien. 

1. Argiles bigarr^s. 

2. ** ostr^nnes. 

3. Caloaire a spatangns. 



Upper Qoader sand 
stone. 

Upper Planer lime- 
stone. 

Middle PISner. 
Lower Planer. 



Lower Qoader 

sandstones. 
Hilsthon. 

Hils^onglomeraL 



The following section at Lulworth Cove represents the or- 
der of this group in England, and its connection with the Weal- 
den : 

How is the secondary divided? Where has the cretaceous system been 
most thoroaghly examined? 
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7 6 5 4 3 2 

SBOTION AT LULWORTH COTB. 

1. Upper chalk 3. Upper green sand. 

2. Lower chalk. 4. Gault. 5. Lower green nnd 

Wealden \ ^ Purbeck beds. 

I?. Hastings's sand. 

1. Upper Chalk. — The upper beds of the cretaceous system 
in England consist of white chalk, which is nearly pure carbon- 
ate of lime, 56*5 lime, 43*0 carbonic acid, and 0*5 water. When 
examined by a microscope, it is found to be almost wholly com- 
posed of the disintegrated remains of infusoria, zoophytes, and 
small shells. Associated with the beds of x;halk are bands of 
black flints. The flints are generally in nodular masses, having 
an organic nucleus of delicate sponges, and of small animals. 
They appear to have been formed afber the deposition of the chalk, 
partly by segregation, and partly by the passage of water holding 
silica in solution, through the chalk beds, analogous to the depo- 
sition of bog-iron ore around organic bodies at the present day. 

2. Middle and Lower Chalk, — The middle and lower beds of 
the chalk contain but few flints. The grains of silica are distrib- 
uted through them with argillaceous matter and iron, on which 
account they are much more compact, and portions are used for 
the internal work of cathedrals and other public buildings. Thb 
is locally called Clunch, 

3. Chalk Marl. — The next group is similar, being covered 
with green particles of silicate of iron, or dark red particles of 
oxide of iron. 

Beds of the same age in Germany are marly limestones of a 
gpray color, and contain about 75 per cent, of carbonate of lime. 

The chalk strata pass through England from Hampshire, in a 
northeasterly direction, to the Yorkshire coast, separating into 

Describe the upper chalk. What are associated with it f How were thej 
formed 7 Describe the middle and lower chalk ; chalk marl. Where is the 
c'nalk foand f 
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two spurs towaVd the east, which form the North and South 
Downs. The thickness is ahout 1000 feet. Across the Channel, 
white chalk fbrms cliffs on the shores of France, opposite Dover 
and Beechey Head ; also in Denmark, Poland, the south of Rus- 
sia, and the Caucasus Mountains. Cotemporaneous rocks in 
Germany consist of loose sandstones, with hut a few, about 80 
species of fossils, while nearly 3000 have been found in the En- 
glish chalk alone. 

4. Upper Green Sand, — (3.) Immediately beneath the chalk marl 
we find a group of argillaceous and silicious limestones, colored 
green by silicate of iron, and hence caWedgreen sand. This group 
is represented in Saxony and France by sandstones ; some of 
those rocks are used for lining furnaces, and hence are called 

**Jire'Stane ;" others are quarried for " whetstones,^* In the Isle 
of Wight the beds attain a thickness of 100 feet. 

5. Gault. — (4.) The gault is a fine blue clay, much used for 
bricks. This clay, in its lower beds, is filled with iron pyrites, 
and in the upper with silicate of iron. The total thickness is 150 
feet. 



Fig.Vi. 




5 Weald clay. 

GRXXN SAND FORMATION ^WESTERN SUSSEX. 

6. Lower Green Sand, — The lower green sand, marked 5 in 
section, contains the following kinds of strata : 

(1.) The first are argillaceous beds, containing considerablo 
quantities of iron and sand. 

(2.) The second group consists of white and green sand, altern- 
ating with beds of clay. 

(3.) The third stratum is a coarse limestone, called the Kentish 
rag, which is employed as a rough building-stone. 

(4.) Beds of dark clay, lamellated in structure, and containing 
nodules of clay iron-stone, form the fourth and last group, and 

What is said of the cotemporaneous rocks in Germany ? Describe the npper 
green sand; the gault. MeQtir)ii the kiirls of rock in the lower green sand. 
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repose direcxij npaa the WealdeOt forming the base of the 
crccaceoas sTstem.- The cocemponneoiu rocks in France and 
Germanj are masd j sandstones and Hmestones. 

IL AjmrrieoM CrtUictamM S^^sUm, — ^Deposits of the cretaceous 
period yy tfTH^ in the fonn. of a crescent finom New Jersey, through 
North and Sooth Carolina, AUKam^, Tennessee, &&, to Texas, 
a distance of three thonsand miles. The strata dip beneath the 
tertiarr. and lie a little west and north of that formation. Cre- 
taceoos rocks also occur high up the Miasouri River, as fiir as 50^ 
of north latitude, and spread out toward the Rocky Mountains 
and New Mexico, embracing an area larger than any other of 
this formation on the surface of the earth. The strata, however, 
belong to the newer portion of the cretaceous system, lying be- 
tween the Maestricht beds and the gault. In Mexico older beds 
occur, and also in South America, attaining a thickness in New 
Granada of 5000 fiset. 

They extend along the Andes to the extreme part of the con- 
tinent, in latitude 53^. The strata are met with high up among 
cbe Andes, attaining an altitude of 13,000 feet above the sea ; but 
they do not reach the plains either to the east or west. 

Character of the Strata, — White chalk is not found in the 
United States ; but instead of it, we have sandy limestones and 
argillaceous beds. The upper green sand has an equivalent in 
the gi'een sand of New Jersey, which is a stratum 30 or 40 feet 
thick, spread over the southern half of the state. The green sand 
is made up mostly of g^rains about the size of gunpowder, of a 
greenish color, and consbts of the following substances : 



Silica 49-83 

Alumina 6 

Magnesia 1'83 

Potash 10-12 

Protoxide of iron 21*53 



Water 9*80 

Loss 0-89 

100 
Seybert 



The silicate of iron and of potash render it one of the most 
fertilizing substances for the land. Further south, in North and 

Where are the principal deposits of the Amerioan oretM^eons system f What 
is the character of the strata? What b the compoaition <^ green sand T Fof 
what 1*8 it used, and why ? 
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South Carolina, wa find thick beds of limestone, the proportion 
of carbonate of lime increasing, until in Texas the strata consist 
of compac'. silicious limestones. Lignite and numerous foasilj 
are found in many of these beds. 

Fig. 93 is a section showing the position of the strata in South 
Carotins. 




We haTe (1st) the tertiary bedi ; {2d) a bed of marl; (3d) 
vtarl lUme, a stratum about three feet thick; (1th) gray marl; 
(Sth) thale; (6) tand and hlaekUh clay. The thickness of tlieae 
strata is very inconsiderable. 

There is abundant evidence of the erosion of these rocks by 
water before the tertiary was deposited, A sinular fact was no- 
ticed in reference to the upper cretaceous rocks in Europe. 

Ill, Foiiih »f the Cretaceous System. 1. Vegetables. — The 
remains of Tegetables are not very abundant in the cretaceous 
rocks. Beds of lignite, however, occur in the United States, and 
many species of Xanthidium have been found 
iDcased in the flint of the chalk. 

Fig- 9^ representA one of these delicate veg- 
etable bodies very highly magnified. These 
were formerly supposed to be animals. No. 2 
is a thin transparent chip of flint, which, on be- 
ing viewed by transmitted light through a mi- 
croscope, exhibits five Xanthtdia. These bodies 
varyfrom jjjth tOi^thof aninch in diameter. 
Some of the flint pebbles are filled with thdm, a 



ng.ti. 



group 



of 20 having been found in 



a of a 




tine in diameter. They appear as globular bod- 
ies, vrith minute branches, as in the figure op- 
posite. It is probable that they formed a nu- 
cleus aroond which the silicious particles accu- XiNTHiDtim a 
mnlated, and thus vrare formed into permanent "^"^ 

Wbst fosall vegetables occur, and in what farm T 
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heriraria, which the blights of time can neither tamiBb nor da 
■trojf. 

t!. Animait. — We have already observed that the whita chalk 
was mostly composed of the remaihs of infiisoria, small coiab, 
and shell-fish. 

(1.) According to M. Ehrenberg, a cubic inch of chalk may 
contain upward of one million of well-preserred anlmalculites 
and shells. In addidoo to these microscopic animals, great num- 
bers of Foraminifera, small shells, spines of sponges, and of ech- 
inoderms, the scales and teeth of fishes, pass through the field of 
the microscope. The most abundant of the microscopic animals 
belong to two genera, Rotalia and Texlularia. 

These are minute chambered shells, reaemblbg the nautilus 
in form, but very different in structure, as their viscera occupy 
the separate chambers of the shell. 

Fig. 95 (2) represents fragments of a branched sponge in the 
hollow of a flint nodule, and Fig. 96 the convex surftce of a 
small coral. Fig. 97 represents one of the corals common in the 
United States, AathophyUttm Atlanticum {Morton). 




Many of the flints derive their forms fiom the form i^diepol- 
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ype, wUcb conetitutes the nucleus around which the silicious 
particles were collected. Fig. 98 represents two of these forms, 
derived from a ventrieulite called "petrified mtuhroont," Fig. 
99 represents the perfect animal in chalk. 




VeDtrlcnlitH radUtor; pi*»iv 

(2.) The remaim of Echinodermata are very abundant in the 
upper part of the cretaceous rocke; stone.lilieB, star-fishes, and 
Bea-nrchins are the principal families, and are represented in the 
Bccomptmying figures of English fossils. Goniatler temUtmata 
(chalk.iOO); Spatangits cor-anguiKum {(^oWl bkoAs, 101); Cidant 
diadema (upper chalk, 102) ; AitaTtc&ytes ovatut (upper chalk, 
103). 

' Fig.lOL 




IS of ecldnadsmiata abnndsot'T Mention the prinal 




Fig. lOi repreaents the interior of aa ananchjtes, widi flint od 
the buttom and cr7atalB of calcareooa apar arooDd the sides and 

(3.) Mollutca. — Tbe fossil shells of the cretaceone period are 
very numerous, and are confined mainly to salt-water species. 
The remains of TerebTabd4e abound in the white cbalk and 
grodti sand, Tbeae, with several species of ostrBa,f1^. 105, and 
pla^uiitoma, Fig, 106, appear to be characterietjc of tbia groap. 




Many of the fiMsil shells of this period are allied to die nauti- 
KlN and ti> the cuttle-fiah. 

Thn moat remarkable of ihem are tbe Btlentnite; which are 
h)iig cylindrical stones of calcareous spar, somewhat pointed at 
one oxtramity, and containing a hoUow cup st the other. Fig, 
107. Mftny epecies are transparent, others nearly opa^ne> 
Wlmn liruken, they present a radiated structure (2). The ani- 



Whkt WM th« aharaeler of iho molla* 
TVUiarkkUa alinlt* of llui period T 



lofthitperiodt WbatarcdieBiiMt 
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nal reMmbled the cuttle-fish ; the aheatb or pen contaiiuDg an 
ink-bag was inclosed within the body of the animaL 

The bed of marl marked 4 in Fig, 93 ia so filled with belem- 
nites that they appear to be driven into the bluff aa thickly aa 
possible. 

Of those related to the nautilus, the two principal families 
ftre the NtmtUida and the Ammottitida. The following figures 
present several forms, and are good representatioDs of those lan»- 
Uiea. 

_*"■ "* KM.iiA ng. no. 




All the shells of these families are di- 
Tided internally into m any compartments, 
by partitions, through which a tnbe ex- 
tends &om the outer open chamber to 
? the innermost celL This tube is called 
I % the tiphuncle. The outer chamber, which 
f is much larger than the others, was occu- 
] I pied by ibe animal. 
I 3. The siphuncle of the nautilus is sita- 
I ated either in the center or inner mar- 
I gin ; that of the ammonitidEe upon the 
\ outer margin or back of the shelL When 
the shell of the ammonitidse is regularly 
coiled up, as in Fig. 109, the genus u 
AMmoniU*! when each end is rolled up, as in Fig. 110, Sea- 
pkiU»; when coiled, asin PV-111'-^'*"'*'"' and when straight, 
BaeuliUt. Other genera have different forma. 
How are the ahellsof tbeie ramJlieB divided ? How are Hiej diitinguigbed t 
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Some of these shells are peculiar to the guilt, and otben to Uia 
chalk. They extend from the earlleat palaeozoic through the tea- 
ondaiy periods, but not into the terduy period. 

(4.) Articiiiata. — A very rare species of Bakmuf, supposed to 
belong to the chalk, is represented in Fig. 112. Crabs occur in 




the gault, Fig. 113, and lobsters in the chalk. F^. 115 repre- 
sents the claw of Astaau Suttexientia ; chalk ; England. 




Chelate claw of Astaciu SnaseiistMU. 
(6.) Fishes. — The teeth of sharka are very common in the chalk 
sud the cretaceous rocks of the United States. They belong to 
the same genera with those already described,,but the speciei 
are believed to be all different ; Fig. 114 is the tooth ofPtycho- 
dus Mortoni, N. J. The vertebrae, jaws, scales, and teeth of 
many other families are Irequently met with. Some very singu- 
lar forms are found in the United States, and in the chalk of En- 
gland. The fossil fishes of the chalk are obtained with great dif- 
ficulty, in consequence of the fnable nature of the rock. The 
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ninat remarkable remains of fishes are their copr<flites (fecal re- 
mains). It has been suggested that a latge portion of the chalk 
has been passed through the bodies of fishes. 

Darwin found that certain fishes in the Pacific Ocean fed upon 
the coral zoophytes, and that, when they were caught and open- 
ei, the substance contained within them could hardly be diatin* 
guished from chalk. 

(6.) fleprifei.— The remuns of crocodiles and of several other 
reptiles are common to the cretaceous syHtem and the oolites; 
but the most characteristic reptile of the chalk is the Mososaicrut. 
Teeth of this animal have been found in the United States, and 
four or five vertebrae in the EngKah chalk ; hut the head, with 
the teeth, was discovered in a quarry at MEBBtricht, Fig. 116. 
It is now in the museum at Paris, having been carried thither bv 
the B&vans under Napoleon. 




This aquatic reptile waa about 25 feet in length. It probably 
bad webbed feet, and a tail suited to propel it through the wa- 
ter. Cuvier supposed that it inhabited the ocean. 

The Leuidon was similar, and several reptiles more nearly al- 
lied to lizards than crocodiles occur in the chalk ; also the re- 
maina of turtles, consisting mostly of the shells of the animals. 

Whiit othsr reinnim of fiahes T What observaU.m of Darwin ? Wlmt ifp- 
tile pooiiliarlu thaclmlkT What otfer ruptilps abimmll 



Tbe remaisfi -^c bbds nd wjniriili a are not fixuid in the chalk. 
As xc B a narfne fctmarinnj we should noc expect to find any bat 
rhoie of aealst sad wiiaLes* and other cetaceans ; hut these prob- 
ablT dcid not esjsc dizriae skis penod — thej commenced with the 
crrtzarr, which wis tibe age o£ mammaK while the deposition of 
the chalk tBRBicarcd the reign and the age of reptiles. 



SECnOS EL— WEALDES FOSlCAnOaL 

The rocks of this groap aze of tteah- water origin, and with a 
few exceptions are coofined to the soatheast of England. 

The Wealden is interpotsed between the oolitic and the creta- 
ceoas sTstem, bat from the character of its fossils it is consider- 
ed b J most geologists as a part of the oolitic group. 

I. Ccmpontiam. — It is composed of a series of clays and sands, 
and rests on beds of imperfect limestone and shells, through which 
are distributed fresh-water dieDs, terrestrial plants, and the teeth 
and bones of reptiles and fishes. UniyalTe shells are mostly con- 
fined to the upper, and biralre to the lower division,^ while the 
remains of reptiles occupy the intermediate beds. It appears to 
be an estuary deposit. The following are the principal divisions : 

1. Weald clay. 2. Hastings sand. 3. Purbeck strata. 

1. Weald Clay. — This group consists of beds of sandstone and 
shelly limestones, with layers of argiUaceous iron stone. The 
limestone is called Sussex marble, and is found in layers from a 
few inches to a foot in thickness, separated from each other by 
thin seams of clay and coarse limestones. It is composed almost 
entirely of the shells of paludina, cemented by lime into a com- 
pact marble. The clay is only remarkable for being favorable 
to the growth of the oak, and hence called by Dr. ManteU " oak- 
tree clay." 

2, Hastings Sand. — This group is of firesh- water origrin, and is 



Aro there any birds or mammals fband in these depontsf Where is the 
Wealden group developed! Of what is it composed f PMcribe the Weald 
clay ; the Hastings sand. 
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the most impoitant of all the Wealden deposits, not only on ac 
count of its greater thickness and extent, but also for the fossils 
which it contains. It consists of numerous strata of sand, sand- 
stones, grit, and shells. The upper beds form a group the most 
noted and interesting, because of the extensive quarries in Til- 
gate Forest, near Horsham, in which have been discovered the 
most remarkable fossils of this period. 

3. Furbeck Strata, — The Purbeck strata constitute the base 
of the Wealden, and in many places seem to pass into the next 
group, so that it is often difficult to determine to which system 
many of the beds belong. 

The following section of the quarries in the Isle of Portland 
will exhibit the order of these strata : 

-^^cr^W-.-_ ^^® Purbeck strata may be divided into 

two parts* The upper beds consist of fis- 
sile limestones, abounding with fresh-water 
shells of the genus Cyclas, The limestones 
alternate with beds of clay, and include a 
thick bed almost entirely composed of oys- 
ter shells. There are about fifty beds of 
limestone, which are quarried for building 
materials. The whole series is not less than 
150 feet in thickness. 

SKCTION. I8LS OF PORTLANB. 

1. Furbeck series. 2. Foirtland beds. 

The lower beds are coarse, fissile limestones, used for roofing 
purposes, and associated also with beds of clay. 

The section at Lulworth Cove, page 212, gives the relations 
of the "Wealden to the cretaceous and also to the oolitic system. 
The Wealden is principally found in the counties of Kent and 
Sussex, and in the Isle of Wight. 

In the northwest of Germany, a series of strata 800 feet in 
thickness has been referred to this period, but the deposit has a 
very limited geographical distribution, being confined mainly to 
a narrow strip in England. 

Describe the Parbeck strata. How is the Furbeck strata divided 7 Are 
there other strata boloDging to the Wealden 7 
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II. Fossils of the Wealden. — The fossils of this period belong 
to land animals and vegetables, or to species inhabiting fresh- 
water rivers, estuaries, and lakes. The number of species is not 
large, but the individuals a.-e very abundant, although rather im- 
perfectly preseiTed. 

1. Vegetables. — The fronds of ferns or of cycadese, and the si- 
licified trunks of large coniferous trees, are frequently met with 
in the Wealden strata ; but the most characteristic genera are 
clathraria and endogenites. 

The Clathraria, Fig, 118, had a thick epidermis or false bark, 
formed by the union of the basis of the leaves, and covered by 
distinct scales. 

Fi^. 118. 




CLATHRARIA LTELLI (mANTELL). 

The Endogenites are elongated flattened bodies, tapering ai 
both extremities, and sometimes measuring 8 feet across. They 
consist of two portions, a stony nucleus and a crust of lignite. 

2. Animals, — The fossils of this period belonging to the inver- 
tebrate animals do not possess much Interest, as they differ but lit- 
tle from those inhabiting the rivers and estuaries of the present d^y. 

The shells of molluscs are chiefly referable to extinct species 
of cyclas, melanopsis, and paludina. Entire beds are .p^.ug. 
often composed of single species of each of these genera. 

Crustaceans are abundant, but are mostly confined to 
the genus Cypris, and a new genus oflsopoda, Fig. 119, 
which is allied to the trilobites of the palaeozoic periods. 

The insects are chiefly beetles, and a few genera be- 
longing to families which live on plants or hover over ^JJ^'JJJJ^ 
the surface of water. Weaidcn. 




What was the character of its animals and plants 7 What vegetables are 
characterifltic of it 7 What is said of th^ invertebrate animals 7 
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Tbe remains oijish consist mostly of imperfect fragments, 
which have been referred to 13 species. They appear to have 
inhabited. shallow and muddy water. 

The most interesting and remarkable fossils of the Wealden 

• • • 

are 

The Remaina ofR&pt&ea: — ^About one sixth of the whole nmn- 
ber of extinct i^sptile's belong to this period, and five genera be- 
longing to three orders are peculiar to it. The Suchosaurui and 
Goniopholis are referred to the crocodilian order of Owen. The 
Iguanodan wiii HyltBosaurus to }^e order Dinosauria. The Tre- 
tostemon and some other turtles to the order Chelonia. A few oth- 
er reptiles existed in this period, which also are found in the oolite. 

The Suckosaurua was a long-snouted crocodile resembling the 
gavial of the Ganges. The crowns of its teeth were slender, 
compressed, and acute. 

The Goniopholis was more nearly allied to the short-snouted 
crocodile, with teeth whose crowns were round' and obtuse. This 
singular animal was covered with large bony scales, more per- 
fectly and powerfully arranged than those of any known reptile 
living or extinct. 

The HylcBosaurus (Wealden lizard) was a land saurian 15 feet 
m length, and covered with elliptical scales. Dr. Mantell obtain- 
ed a large portion of the skeleton of this animal from the quarries 
of Tilgate Forest. 

The Iguanodo^, the largest and most remarkable of the extinct 
reptiles either of the Wealden or of any other period, was first 
discovered by Dr. Mantell in the quarries of Tilgate Forest. It 
was at first described by him as a reptile 100 feet in length, and 
In consequence of its resemblance to the modem iguana he called 
it Iguanodon. Its structure, however, differs from any living 
reptile, and later discoveries have shown its length to have been 
much less than it was at first supposed. But it is still regarded 
as one of the most gigantic of the reptiles of the ancient world . 
It was herbivorous, and irom 25 to 50 feet in length. 

What is said of the reptiles ? Mention the several orders of reptiles. De- 
scribe them in order Which was the largest? 

R2 
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The bones are rerj large, the legs and £oe^ heing 
propoitioiia, suited to susuin the immeiiBe wtraght of its body. 

The JVetotiermm had a shell sinubr to tmtles, althoagh yeiy 
flat, measming in one spetieB 17 inches bj 13^ Toitles are 
eoannoii in the qoazxies of Tilgate. 

Birds are few, and their remains are imperfectly preserred. 

The characteristic fiMsik of this period, it will be seen, are rep- 
tilea which are so £mt remored from existing forms diat it is diffi- 
cult to deriTe any satis&ctory account from diem, either of the 
physical geagnfhj or of die climate of the period, dming which 
they appear to haye been the undisputed lords of the habitable 
earth. 

SECnOS lEL— OOLITIC STSTEM. 

The term ooliui is applied to a series of strata constitntiiig a 
formation, on account of the structure of some of the limestones, 
which are made up of small egg-shaped particles. The oolite is 
composed essentially of limestones, clay, and sandstones. Some 
of the lower beds contain yaluable seams o£ coaL 

I. Oolite of the United States. — The only deposit in this coun- 
try which has been referred to this period is found in Eastern 
Virginia. The strata consist of conglomerates, sandstones, and 
beds of coal. The coal-field, of which Fig. 120 is a section, con- 
stitutes the most extensive de- Fig. 12a 
posit of coal that has been dis* 

covered in any of the forma- sectioh or the coAL-rixLD, s. ya* 
tions which are newer than those of the carboniferous system. 
The area has been-estimated at 185 square miles. The depth, 

* The metacarpals were 2 feet 6 inches in length, and the last joint of the 
toe 5\ inches. 

f odv, an egg ; ?,idoCf a stone. This stracture is not confined to the rocks of 
this system, but occurs in the tertiary and some otiber rocks. 

From what is the term oolite derived 7 Describe the oolites of the United 
Btates. 
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excepting at tha skirts, ia unknown. The central portions are 
covered by conglotaerateg, and the coal reats on a aeriea of eand- 
"toiiei. Three seams bare beea explored, tbe total tbicknoBs of 
which varies from 11 to 40 feet. The coal is bitominous, and is 
' <Uvided into thin horizontal layers, as in the older coal beds. 
" Sometimes thin layers consist alternately of highly crystalline 
and rasinouB coal, with a bright luster, and of other portions ex- 
actly resembling charcoal in appearance." 

II. European Oolite. — In England we have the most periect 
development of this system, consistiDg of three ridges, ranning 
northeast and southwest, with extensive intervening plains. The 
rocks are divided into three groups, the upper, the middlt, and 
•Ae lotoer oolite. 

1. Upper Oolites. — This group consists of three kind^ of strata, 
Portland stone, Portland sand, and Kimmeridge clay. 

(I.) Tbe Portland Stone, found in the lale of Portland, includes 
several beds of coarse earthy limestone, which repose upon sili- 
cdoua beds containing green sand, and hence called Portland tand. 
The lower limestooea are coarse, alternately hard and soil, and 
50 or 60 feet in thickness. Upon these repose three beda of fine 
building stones inters I ratified with clayey and silicious bands. 

The upper part of the series contains a remarkable deposit, 
called by the workmen the dirt bed. It consists of bluish loam, 
containing the petrified roots and stumps of trees in the position 
in which they grew, P^. 121, B. The stratum is only about on* 




Hpntion lbs oolites of Eng1au<I. How are they tlivideil I Describe (9 
Portland 8toiie. What remarkuble deposit in the upper portion T 
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foot in thickness, but extends over a large area. It appears to 
have been formed about the close of the oolitic period, the earth 
having been elevated above the water sufficiently long for the 
formation of a foot of soil, and for the growth ct£large trees ; after 
which it was converted into an estuary or fresh-water lake, and 
the rocks covered by the Wealden deposits. 

(2.) Portland Sand. — This stratum is a silicious sand, mixed 
with green particles, attuning a thickness, in the western part of 
the Isle of Portland, of 80 feet, and interposed between the Port- 
land stone and 

(3.) The Kimmeridge Clay^ which is of a bluish or grayish- 
yellow color, and contains selenite, with vegetable and animal im- 
pressions. At Kimmeridge Bay, from which the clay derives its 
name, beds of highly bituminous shale alternate virith the clay. 
The shale is combustible, and known as Kimmeridge coal. 

Beds supposed to be cotemporaneous with the upper division 
of the oolite are found on the coast of Normandy ; also in the 
upper strata of the Jura, in Switzerland ; at Solenhofen, in the 
north of Bavaria ; and on the banks of the Donitz, in Southern 
Russia. 

2. Middle Oolites, — In this division, i?^. 122, we find : 

(1.) Calcareous Grits, or sand beds more or less abounding in 
calcareous matter and fine seams of clay. 

1^. 122. 



SECTION OF THB MIDDLE AJID LOWER OOLITE. 

(2.) TJie Coral Rag^ which consists mostly of calcareous de- 
posit, derived from the decomposition of animal remains. Corals 
are distributed through this rock in great abundance, particular- 
ly in Wiltshire, where the bed attains a thickness of 40 feet. 
The whole appears to have been a coral island in ah open sea. 

(3.) Oxford Clay, — The next group is a stiff pale-blue clay, 

What is said of the Portland sand % of the Kimmeridge clay 7 What rocki 
L^otemporaneous with the upper oolites in England ? What kinds of strata be 
Hong to the middle oolites ? 
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containing calcareous matter, irOh pyrites, and numerous organic 
remains. These remains are sometimes found in the clay, but 
generally form the nucleus of the pyrites. The thickness of this 
bed is. about 500 feet It extends over a large portion of En- 
gland. The Oxford clay usually rests on the cam^rash, and 
forms the basis of the middle oolites, but in a few cases a stratum 
from 3 to 5 feet thick, consisting of calcareous sandstone, and 
abounding in fossils, intervenes ; the same is true in Normandy, 
but in Switzerland the niiddle oolites rest on argillaceous rocks, 
and consist of strata which contain oolitic iron ore of great eco- 
nomical value, and also of a limestone called Nerincean, because 
it is composed almost entirely of univalve shells of the genus 
nerinaeat 

3. Lower Oolites, — This division of the oolitic series is rari 
ously subdivided in England, but the subdivisions do not apply 
to the group in other parts of Europe. 

(1.) Com-hrash is a series of clays, sandstones, and limestones. 
The name is derived from the excellent corn land formed by the 
disintegration of the rock. 

(2.) The Forest marble is a limestone, sometimes crystalline, 
and sometimes marly, so filled with organic remains that in some 
cases they constitute nearly the whole substance of the rock. 

(3.) The great Oolite consists of a series- of shelly limestones, 
alternating with fine soft freestone, destitute of fossils. In the 
upper strata the limestones are hard, of a yellowish- white color, 
and filled with fossils ; lower down they are shelly, and the low- 
est are very fine grained and almost crystalline in structure. 
This is the most important of the whole series, both from its 
furnishing building materials and for the beauty of its fossil 
shells. 

(4.) The Bradford Clay is nearly of the same age with the 
preceding. It is a pale grayish clay, inclosing thin slabs of a 
tough brownish limestone. It is about 60 feet in thickness, and 
often entirely absent, or interstratified with the underlying fuller's 

How are the lower oolites subdivided 1 Describe the several kinds of rock 
in order. 
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earth. It is remarkable for containing a pecuHar fossil, the 
ocrinite. 

(5.) Fuller's Earth. — This is a peculiar kind of clay, used in 
the manufacture of cloth ; associated with this is a flagging-stone, 
known as Stonesfidd slate. The latter occurs in two beds, sep- 
arated by a loose calcareous sandstone. This strata has long 
been celebrated for the only remains of mammalia anterior to 
the tertiary. 

(6.) The Inferior Oolite consists of about 40 or 50 feet of cal- 
careous freestone, reposing on friable sands, which constitute the 
base of the oolitic system in England. 

The lower oolites are represented in several parts of Europe, 
and in Eastern Virginia, United States, already described as con- 
taining coal. The Brora coal is referred to the older oolitic pe- 
riod. This coal has been mined for 250 years. It has two work- 
able seams, the main seam being about three- and a half feet 
thick. There are several coal-fields in India, which probably 
belong to thb period. 

4. Oolites of the Jura. — The Jura Mountains are separated 
from the higher Alps by the great valley of Switzerland. In the 
northern part of this range we have a beautiful development of 
XkkQ Oolitic or Jurassic system. The rocks here are inclined at a 
high angle, Fig. 123, and are divided into three groups. 
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SECTION /ACROSS THB JURA CHAIN. 

1. Corallioe limestone. 2. Argile d'Oidbrd, or Oxford clay. 

3. Inferior oolite. 

(1.) The upper bed^ resemble the Portland rocks and the 
Rimmeridge clay, but contain great quantities of iron ore, which 
abounds through a vertical depth of about 40 feet of the strata. 

(2.) The middle beds are more than 300 feet thick, and differ 

Where are the inferior oolites found, and what do they contain? Where 
the lower oolites represented 7 Describe the oolites of the Jora. 
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much G.-om the corresponding beds in England. These moat im- 
portant strata consist of an ooHtic iron ore in beds of marl one 
hundred feet thick, and the JVenneean limestone, which corro' 
spends to the coral rag. 

(3.) The lower oolites of the Jura are about 300 feet thick, and 
are subdiTicled into four groups, consisting mostly of limestones, 
alternating^ with marls and yellowish clay, und also with shaly 
bands and red oxide of iron. 

In the north and center of Germany, instead of the Kimmer- 
idge clay there occurs in Bavaria, near Solenhofen, a very fine' 
grained limestone of a rich cream color, which is extensively 
used ibr tbe purposes of lithography, and exported to most parts 
of Europe. This lithographic rock rests on a stratum which is 
celebrated for its caverns, and for the beauty of the fitssil insects 
that have been preserved in the stone. 

III. Fouilt of the Oolite. — We have noticed, page 226, the ex- 
tensive beds of coal derived from the plants which flourished dur- 
ing this period. The vegetables differ from those found in the 
older coal-beds, but are very similar to those of tbe succeeding 
periods. Tbe Cyeadea, a tiibe of plants now flourishing in the 
tropics, were most abundant They resemble the palras. 

Of ike Animal relict, corals and salt-water shell-fiah are very 
abundant. Most of the families of fishes and reptiles which are 
found in the chalk existed during this period. 

The echinodermata were represented by many singular ani- 
mals, some of which, the cri- rtg. la*. 

noideans, were star-Sshea that 
were attached each by a long 
stem to the rocks beneath, 

Sea-urchiDS, aa echini, and 
the genera diadema, Fig. 12i 
and spatangus, which are very J 
nearly allied, abound in van 
ous parts of die oolitic system. 

The higher orders of mollusca were very abundant. One s^>e. 

What important deposiu in QerniBnyt What is said of thefbadl planbof 
ddiperiodt WbatfitmilieiofmolltucfiareabnndantT 
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^M of mnmonite, from the Solenhofto slate, F^. 125, is bo per 
fectljr preserved aa to give llie moat Sif. ua 

distinct outline of the termination 
the aperture. Fig. 126 is a less per- 
fect specimen. 





AmmonLtea ■thAtolos ; great ooBtB. 

In the Oxford clay, apeciroena have been found both of the 
unmonite and belemnite, which havo removed all doubt in re- 
spect to the character of these animals. 

A specimen of belemnite was found in the Oxford clay. Fig. 
1S7, "in which not only the ink-bag, but the muscular mantle, 
the head and its crown of arms, are all pre- j_, „ 

served in connection with the belemnltic 
shell." Another specimen presents the con- 
tour of large sessile eyes, the rentaculee 
ed with a double alternate series of horny 
hooks, and the remains of two lateral fins. 
" The belemnite," says Professor Orten, 
" having the advantage of ita dense but well- 
balanced internal shell, must have exercised 
ita power of swimming backward and for- 
ward with great vigor and precision. ' 
position vma probably more commonly 
ical than in its recent congeners. It would 
rise swifily and stealthily to infix its claws 
in the belly of a supematont fish, and then 
perhaps as swiftly dart down and drag its 
prey to the bottom and devour it." 

The ink-bag waa doubtless used like diat 

of the cuttle-fish, to discolor the water, and *"'™^?',£g, 
thus enable it to escape from its enemies. 

What WW (bti chuBcler of the belenuiiMi T 
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Crustaceans and insects are admirably preserved in the litho- 
graphic limestones of Solenhofen. 

The fishes and reptiles, however, of this period are objects of 
the greatest interest. More than fifty species of fishes, belong- 
ing mostly to the sauroid family, have been found in the various 
oolitic strata of England. This family includes those genera 
which resemble the saurian reptiles. The gar-fish of Lake Cham- 
plain, L^ndosteus oxyurus^ is one of the few living species which 
represent this ancient family. 

Marine rattles were still more abundant during this period. 
The largest of these tribes was named by Professor Owen Plio- 
sauru». This animal must have rivaled in size the largest whales. 
The length of that part of the jaw in which the teeth were in- 
serted was three feet, and the conical teeth were seven inches in 
length. The head must therefore have been of great size. The 
neck was of massive proportions, some of its vertebrae being eight- 
een inches in circumference, although oiily one inch in length, a 
structure which unites great strength and flexibility. This ani- 
mal had paddles like the whale. Of several other genera which 
more nearly resembled the crocodile of the present epoch, the 
Cetiosaurus was one remarkable for its great size, the largest spe- 
cies being not less than 60 feet in length. This genus lived in 
the water, and was provided with webbed feet and a broad vert- 
ical tail, as organs of motion. Some of the terrestrial saurians 
were allied to the iguanodon. Of these. 

The Megalosaurus was the largest, attaining a length of 30 
feet. It was provided with strong double-edged teeth, curved 
backward, and serrated on both edges like a saw, which admi- 
rably fitted them for holding, tearing, and cutting up their prey. 
The largest relic of this animal is the jaw. Fig. 128, but this is 
sufficient to determine the character and form of the reptile ; like 
the iguanodon, it was probably elevated several feet fi:6m the 
ground on massive legs, which sustained a body broader and 
deeper than that of any modem saurian. 

What is said of the crustaceans? of the fishes and reptiles? Describe the 
marine reptiles. Which was the largest 7 




Altogetber xbo moot extraordiDu; reptile of this period wti 
Ae Pundatijfi, F^. iS9, an animal with the form and general 




appearance of a bat, except its head, which was vei-y long, and 
reoembled that of the drocodile, to which also the internal anat- 
omy of the body corresponded. Atthoogh the neck had onlj 
seven Totebrae, it was so flexible that the head could be thrown 
oTer upon the lower p«jt of the back. Instead of four toes ex- 
tended and enveloped in skin, as in the bat, the fifUi toes onlj 
were prolonged, and the skin extended along the side of the body 
and legs. By this structure the animal could fold its wings and 
walk, or swim, or rise into the air, as its necessities might require 
Whioh was the morteztnoidiiiaty reptile of thii period? 



LIASBtO STaTIM. t!Si> 

The moat characUrittie foeails are tbe remuna of the tnarsupial 
quadrupeds, found in tbe Stonesfield elate, and referred hj Owra 
to two genera, Amphitheriufti and die PAaieolotherium. The jaw 
of the latter is represented in the accompanying figure. TheM 




remains are the earliest proofs of the exiatence of mammals on 
the surface of our olanet. 

SECnOH IV^LIASaiC SYSTEU. 

The lias formation is found in various parts of Europe and iti 
South America. The strata are argillaceous throughout, although 
s considerable portion of calcareous matter is mingled with the 
clay, forming in some places bands of argillaceous limestone. 

I. The subdivisions of this formation in England vary at differ- 
ent points, but generally we find three principal groups, which 
are represented in section, i^. 131, the upper, middle, and 
lower lias. 



1. Tbe T^iper lAas, also called o/icn shales, couNst of three 
portions. The first and highest beds are shales of a slaty struc- 
ture, and have long been celebrated for the remarkable fossils 
found at Lyme Regie. The middle portion is a hard stratum of 

What tomla are moat characteriBtic of thia period T Whers ia tbe liawio 
■yatem fomul I How manji grDnp* of atniM are Iberet Deacribe ibe iip]iM 
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shale about thirty feet thick, and contains a large quantity of car- 
bon in the form of jet, with large fragments of the bituminized 
wood of cone-bearing trees. The lower beds are soft shales, filled 
also with numerous fossils. 

2. The Middle Lias consists of sandy shales about 130 feet in 
thickness, through which are distributed bands of argillaceous 
iron nodules. 

3, 4. The Lower Lias Shales consist of thick layers, finely 
laminated with numerous calcareous bands and concretions, the 
whole either reposing on a wfaitbh sandstone of the triassic sys- 
tem, as in the middle of England, or upon bluish marls, which 
compose the upper layers of the new red sandstone at Lyme Re- 
gis, in the south of England. 

In the lower division (4) there is a thin stratum almost entirely 
made up of fossils, mostly the remains of fishes. This bed passes 
jccasionally into sandstone, which is destitute of fossils. The 
fossiliferous bed is not more than three inches in thickness, but 
extends over a distance of 100 miles, affording convincing proofs 
of a long period of time for their accumulation. 

II. Fossils of the Lias, — The liassic system is characterized by 
the most remarkable remains of animals of any in the whole se- 
ries of fossiliferous strata. 

The structure and composition of these rocks are well suited 
both to preserve and to exhibit the remains of organized beings. 

1. The plants do not differ essentially from those that flourish- 
ed in the periods immediately preceding or succeeding, although 
some new and extraordinary fonns have been discovered. 

2. Animals. — In the absence of corals the seas appear to have 
been filled with echinodermata, among which the crinoideans 
were most abundant. 

Fragments of Pentacrinites, Fig, 132, constitute extensive beds 
some inches in thickness, so perfectly preserved that their stony 
skeletons can be accurately traced, and the character of the an- 

Describe the middle and lower- lias. What stratum in the lower division f 
What is said of the fossils of the lias 7 of tha plants 7 of the animals 7 of pentao 
rinites? 



roaBiui or thb lias. 
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Imal easily deduced. TI^ animal had a five-aided etem, fcom tb« 
summit of wbich anas were g^ven off in innumerable ramifica- 
tioDB, giving it tbe appearance of a plant. Tbe number of ports 
of wbicb tbe skeleton vras composed was not less than 150,000. 
" Tbis animal ia supposed, by Dr. Bucliland, to bave been capa- 
ble of withdrawing itself readily from any substance to wbich it 
was attached, and, afi;er floatbg about in search of a new and 
more convenient resting-place, fixing itself again upon tbe low- 
er surface of some floating piece of timber." 
. The stomach formed a fiinnel-sbaped pouch, composed of con- 
tncdle membrane, and terminated by a email aperture, which 
Deaonba tho BDimaL 




65 fpeats at ui»Htes 12 cf b 
ksTC been ^scovBedia die lamt a^r^m. 

Fic^ the imi-i^ ol tme Kpaaem tdhdcnaatea fimid U Lyme 
Kn:^ » beaaqnl pagmevt wm pcvpand, sbnilar to die India ink 
^i^ih b ikonr oocained from Ae ntirrtn frJi. mad diis &ct has com 
parted ibe dan of erideoce mm wiij to ««t»WiA tbe character 
tUbete UKieat laoes. 

Fubes and rrpdles ne tbe onlj classes of vertebtated animala 
which have bc«n fiiiiitd in the Has. The number of spe<des of 
Jtike* from Lvme Regia desmbed by Pn^ Agaadx is not lesa 
dtan60; all of tbem are now extinct, and moat of them referable 
to tbe ganoid and placoid orders. Two g enera, k^ndotns alid 
dapedins. Fig. 133, are the most conunon. Tbe remains of fiah 




betongmg to the placoid order, called ichthyodomliteB, era Ae 
bony rays of the fins. Fig. 134. 
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Fig. 134. 




ICHTHT0D0RULITE8 ;. LIAS. 



The Reptilian remaifu of this period belong mostly to two 
genera. 

The Ichthyosaurus {fish- Lizard), Fig. 135, was similar to 

Fig,l2S. 
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some of the large predatory fishes, but had a much larger head 
and more powerful tail, a skin without scales, covered with 
smooth, fine wrinkles. The head was very peculiar. The jaws 
were so long that the gape must have exceeded seven feet, and, 
to give them the requisite strength, they were made up of a num- 
ber of parallel plates of unequal thickness, to enable them to re- 
sist any sudden shock produced by snapping at their prey. Rows 
of powerful teeth extended along both sides of the jaw, and a 
provision made, as in the crocodile, for renewing them when bro- 
ken or worn out. The number of teeth found in one individual 
was 180. ** 

The eye was placed far back, and its orbit was 18 inches in 
diameter, having circular bony plates around the pupil to defend 
it, and to adapt it to long and short-sightedness, so that the ani- 
mal could see equally well in the water and on the land. The 
breathing-holes were placed on the top of the head, in order that 
most of the body might remain under water during^ respiration. 

The vertebrae were like those of fishes, and the ribs were small 
and numerous. The extremities were paddles, like those of the 
whale, though so constructed that the animal could move upon 
the land. 

The food of the ichthyosauri was fish and reptiles* This is 

^ • - - ^-^ - I I _ ■ I ■ ^M I ^m «j. „^^^ 

What remains of reptiles 7 Describe the ichthyosaunis. What was their food ? 
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proTed by the ftct that their halMigested remaiiiB hate been 
found in the stomach of the anhnal, and not only ao^ but copro- 
lites abound in this formation similar to the xemaina found in the 
abdomen ; in foct, these coproHtetg loaded witb tbe scales, teeth, 
and bones of fishes and reptiles, constitute strata many miles in 
extent, presenting the appearance of a conglomerate rock com- 
posed of the exuvia of these and odier animals which flourished 
during this period. 

About twenty species of this genus have been described. They 
commenced with the lias, and flourished undl near the dose of 
the cretaceous period. 

The Plenasaurw, Fig. 136, igfas another genus of reptiles still 

Fig. 136. 
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more peculiar in structure. Its head resembled that of a lizard, 
and was quite small. Its neck was three or four times the length 
of the head, and contained upward of 30 vertebrae. This gave it 
great flexibility and rapidity of motion. The body was small and 
resembled a fish, and its paddles more nearly resembled those of 
the cetaceans than those of the ichthyosaurus. Its length was 
about 17 feet. Eighteen species have been described, of which 
six belong to the oolitic and cretaceous groups. 

With the power also of creeping on land, it possessed extraor- 
dinary powers of swimming, which enabled it with ease to over* 
take its prey, while the powerful and rapid motions of its wedge- 
shaped head, wielded by its long and flexible neck, rendered it 
a match for most of its enemies. That it was, however, sometimes 
overpowered by the ichthyosaurus, is proved by the half-digested 

fragments.of its' bones in the coprolites of the ichthyosaurus. 

* ' ^*"*^~^^'~~~' ' ' ^•^~^~^—^^^ — ^^— »«— 1^^— ^^^^^1^ 

What is said of the coprolites and other remains of the animals of this pe* 
riod 7 Oive the characters of the plesiosanras. How many species have beeo 
discovered? 
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SECTION V.—TRIASSIC OR NEW RED SANDSTONE SYSTEJL 

The new red sandstone system has received the name of 
TViassiCf from the three well marked divisions of it found on the 
Continent of Europe. 

I. Geographical Distribution, — In the United States this group 
extends from Vermont, in the valley of the Connecticut River, 
through Massachusetts and Connecticut ; and from New Jersey 
to North and South Carolina. In England it is principally de- 
veloped in the valleys of the Dee, Mersey, and Weaver. It is 
also found in France and Germany. The strata appear, for the 
niost part, to have been deposited in broad estuaries, 

II. Composition and Structure, — The rocks of this system are 
sandstones, conglomerates, and shales, and are generally charac 
terized by their color, which is of various shades of red and brown. 
The strata are very regular, and the rocks are often composed 
of fine sand, and are admirably suited to building purposes. 

III. Trias of North America, — The strata in thfe United States 
are separated, broken through, and overlaid in some places by 
a ridge of greenstone, which forms mountains several hundred 
feet in height, as those of Mount Holyoke and Tom in Massa- 
chusetts, East and West Rock in Connecticut, and the Palisades 
in New York. The structure of this greenstone is oflen colum- 
nar, like that of the Giant's Causeway and FingaVs Cave, which 
belongs to the same penod. 

Fig. 137. 




a. Pleistocene. 

b. Mica slate. 

e, Calcareo-mica slate. 
d dd. Bed sandstone. 



A. Gneiss, 
t. Ichthyolite shales. 



e. Greenstone. 
/. Gneissoid mica slate. 
. Granite. 



From what is the name triame derived f What is the geographical distri 
button of this group in the United States f in Europe? What is said of the 
r^lor and structure of the rocks? of intruded greenstone? 
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In Massachusetts, the tries lies in a basin of metamorphb 
rocks, as represented in the preceding section, Fig. 137, p. 241 
(from Dr. Hitchcock's Report), across the yalleys of the Connec- 
ticut and Deerfield Rivers. The intruded greenstone (e) is seen 
in the middle of the section. 

In New York, the red sandstone is similarly associated with 
greenstone and with metamorphic rocks, as may be seen in the 
following section. Fig. 138, across the Palisades. 



F^.138. 




a. Gneias and granite. e e e. Greenstone. 

b. Bed sandstone and congromerates. ddd. Bed sandstone. 

In New Jersey, the red sandstone is associated in the same 
manner with metamorphic strata and with trap ridges. 

It is obyiouB that the age' of these sandstones of the Northern 
and Middle States can not be inferred from their position. From 
their lithological characters, and from the fossils, they have rightly 
been Regarded as belonging to the triassic system. They are 
deficient in salt and gypsum, which in Nova Scotia and in Europe 
occur more or less abundantly in the rocks of this period. 

Some geolo^ts have thought it probable that these rocks be- 
long to the lias rather than to the triassic system* The fossil 
fishes are, according to Mr. Redfield, more nearly allied to li- 
assic types than to any types older than the trias. 

IV. European IHo*.-— The following section, Fig. 139, across 
a new red sandstone basin, from Oswestry to the north of Staf- 
fordshire, in England, clearly exhibits the position and age of 
these rocks. 

e 




•» P • p m 

m. Sandstone and conglomerates, reposing on Permean rocks (j^p). 



Describe the position of the trias in Massachusetts ; in New York, and Neil 
Jersey. What is said of the age of this system in the United States? 
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i Sandstone nad marU, whicb ci>Qt«in tit. 

e. Lower oolites, repoaiiig, in tbe abaance of the lias, on the triaa. Cbeah- 
ire is celebrated hi its bedi of rock latt, the total thiokneis of nhicfa U riit; 
feet They alternate with beda of gypmni, and of bine, red, and bnniini in- 
doiated claya, and with red aandaloues. 

V. Fott^ofthe Tritu. — 1. Plants. Intha now red aand stone 
of Connecticut, fosail tnmka of trees bave been found. In Mas- 
sachusetts, a mass of greenstone of tbe trias, near Mount Hol- 
yoke, appears to have enveloped, while in a melted state, a veg- 
etable Mem two iocbes in diameter and several feet long. The 
cavity left by tbe destnicdon of the stem was subsequently filled 
with mineral matter, which is accordingly destitute of organic 
structure. Tbis extraordinary specimen ia now in the museum 
of Amherst College. Probably tbe process by which tbe cavity 
was formed was umilsr to that described on page 56, as having 
been vritnessed during tho eruption of Kilauea. 

In tbe European trias, the remains of iems have been found 
with the marks of fructification. Plants of the Zamia tribe also 
flourished in this period. 

In the triasBic rocks, some minute seams of carbon- 
aceous matter have been found, but tbey are not re- 
garded as indications of workable coal, for no beds J 
of coal have yet been discovered in this system. 

2. Radiated Animals. — Radiated and other animal ] 
remdna are found chiefly in the muddy deposits of 
ihe trias. Coarse sands are unfavorable both to the 
growth and to tbe fossilization of organic bodies, 
and their remains are not common in sandstones. 
Corals, however, do not flourish in muddy waters, and 
hence they are rare in all tbe rocks of this system. 

One of the most beautiful of the Crinoideans of this 
period was the Lily Encrinite, Fig. 140, remarkable 
lor the elegance and symmetry of its form and (or its ' 

Describe the European triaa. What j« aaid of Che fossil plants in the United 

BtatesI in Bnropel of coal T In what kind of strata are the animal remaini 

In irtwt am the? jai* I DMcrib» the Lily Encrinit«. 



M4 

oMapEcMed skdetoD, vriiich iiMhttjJ of Batlns Am twnnty-nx 
AoMMoJ pieces. The bodrwai wappatted tm a slender ool- 
■nm, wUdi ma attached at Aa bne lo aonw Inid rabstance at 
tbebononi of die sea. 

3. iloUmtea, — A bi^ portion cf tlie BheJb are such as must 
ItaTe inlialKted sliaQow wal^. The lUlowiDg occur in tha mus- 
dielkalk (a criaaac fcnnalion) of Europe. 




4 Artiadata. — Some extinct genera of craba and lobatera have 
been found in the moschelkalk. 

5. Fitha. — Remains of more than sixty species of fishea have 
been discorered in the Enropean trias, chiefly in the muBchel 
kalk. In certain bituminoas shaJes, which are associated with 
the red Bandstoue of the United Stales, fossil fishes are abundant. 
Tha most celebrated loc^ties are at Sunderland, in Massachu- 
setts, and at Middletown, in ConnecticuL Fig. 145 representt 
tte Cab^rteros gracilis, from Middletown. 




S4^ 



maliiMldaflliedtellit oftha srticaUlat of IhoBdMar 
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6. Reptile4,^—JiemainB of lizards, of manDs sauriana, and of 
batracbiana occur. One of the most extraordinary reptiles was 
the Labyrinthodon. This animal appears to have belonged to 
the frog tribe, although it was as large as an ox. The bones 
of the cranium and the jaws, and the bones of the hinder ex- 
tremities, show, that the genua waa on the type of this order of 
reptiles, with affinUies to saurians and to fishes. The bones of 
the legs and the teeth are quite anomalous. 

^ Fig. ItB. 




a representg h [oolh bsif of iha uatarat Bize b ib half of n transverse pol. 
iellsd ■eoticm magnified IwentT diameters and c la one of the anfraclnositiea 
of b mora highly magnified The complicated itructure of Ihe teeth saggeated 
the name LabyriiUhodon. 

In the beds of the same formation are very singular quadru- 
pedal footmarka, which resemble a human hand Fig 147. The 
name Cheirothenum (hond beast) is therefore given to the a 
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maL The tracks of the hind feet are much lax|;er than those 
of the fore feet. . 

Fig. 148 exhibits the manner in which those tracks are sup* 
posed to have been made* 








The CheiiTOtherium and Labyrinthodon are now supposed to 
have been the same animal. 

In the red sandstone of the western part of New Jersey, the 
bones of a large saurian reptile have recently been discovered. 

In the red sandstone of the United States, and mostly in the 
Connecticut River valley, numerous footprints have been found, 
of which some are referable to reptiles and others to birds; while 
many so combine the characters of both of these classes, or are 
otherwise so anomalous, as to render the precise character of the 
animals which made them very doubtful. These tracks had been 
noticed for forty years by persons who were unacquainted with 
their nature and importance. In 1835 a specimen attracted the 
notice of Dr. Hitchcock, who subsequently discovered a great 
number of species, and who has investigated their character and 
origin with great success. The results obtained by him wore at 
first received by geologists with more or less skepticism, but aft- 
erward with admiration, as one of the most extraordinary and 
interesting chapters in American Geology. 

These footmarks prove the existence of about fifty species of 
animals, of which twelve were quadrupeds ; of these, four were 
probably lizards, two were toitoises, and six were batrachians. 
Thirty-two were made by biped animals, of which eight were 

What is said of the discovery of footmarks in the Connecticut River valley ? 
of the number of species f of the kinds of quadrupeds 7 of the kinds of biped 
tracks f 
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probably birds mtli three thick toes ; fourteen were birds with 
three oi four slender toes ; and eight may have been biped rep 
tiles I Of the rest, some were made by invertebrate animals, &8 
worms or molluscs, and others are wholly doablful. All but two 
of this list occur in the valley of the Connecticut River. 

The most gigantic of these animals was a bird, which may have 
had some resemblance to the ostrich tribe. It has been named 
Brontozoum giganteum. The feet were 14 to SO inches long, 
and the step was usually four feet long, sometimes six feet. The 
nails of the toes were IJ inches long. Some of the tracks have 
ng. 119. 




What U «id of the BroDlozonm giganteum I 



» 
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port of the iiiipre»ian of the ddn weD pvaeenred : it seeine to 
hare been papillose and ttriatedL That the bo&a ofdiese birds 
were of great bulk, may be infiBExed horn the shape of the foot 
and from the depth of die impressioa made in the mnd. Sev- 
eral parallel series of tracks have been found in lines oblique to 
the shore margin. The foot p r ints in these series are opposite to 
each other, and thus show that the animals walked in company 
and were gregarious. 

Fig, 149, p. 247, represents a track one fifth of the natural size. 
JV- isa Fig. 150 (^ natural size) represents the track 

of Broiitozoum gracillimum, a small species of 
the same genus. The step was six inches 
long. 

Another large and remaikable biped species 
was the Steropezoum ingens. Fig. 151. This 
animal had a heel, or an appendage to the heel, 
which left a track resembling that of a brush. 
The surface must have been covered with 

BRONTozouM oRAciL- "^S^ ^^ ^triaB, rather than with a brush, as 
LiMUM. might be supposed from the figure. The ani- 

mal was inferior in size only to the Brontozoum giganteum and 
Otozoum Moodii. The length of the foot was 23 to 25 inches, 
of the middle toe, 10^ inches, and of the step, four to six feet. 

A very anomalous track (Omithopus Adamsanus, F^, 152) pos- 
sibly may have belonged to a quadruped of large size. The foot 
was 13 inches long. It had a small fourth toe directed backward. 

A large and interesting species was the Polemarchius gigas. 
Fig. 153, a biped whlbh had a small hind toe, situated far back on 
the heel, like a spur. The long slender toes and heavy heel sug- 
gest both great quickness and force of motion, for they indicate, 
in the general structure of the animal, long limbs, and powerful 
muscles. If, as is probable, the foot was used as a weapon of 
offense and defense, it must have been a formidable weapon. 

The most extraordinary, and probably the largest of all the 

What is said of the Steropezoum ingens f of OrmthopusAdamsanuBT ofPp- 
lemarohius gigai f 
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animals of sandstone days, which Dr. Hitchcock has described, 
was probably a biped batrachian or toad, with a foot 20 inches 
long and 12 inches wide. It is obvious from the succession of 
steps, as seen in Fig. 154, that the animal was a biped with short 
legs. The foot resembled that of an embryo frog more than 
those of any other living animals. This form, in an adult state, 
indicates an inferior grade of a batrachian type. Yet this bi- 
ped toad must have been as large as an elephant. It has been 
named Otozoum MoodiL The specimen represented in Fig^ 
154 (^d natural size) was found near Mount Holyoke, in Massa- 
chusetts. It contains also (a a and h h) tracks of a species of 
Brontozoum (B. parallelum), and has much of the surface pitted 
with rain-drops, as shown in the figure. 

Fig, 155 represents the tracks of a small quadruped, Anisopus 
gracilis. The hind fo6t was .9 inch long, and the fore foot .55 
inch long. 

Fig, 13k JPV* IM. 





Fig, 156 (^d natural size) represents the tracks and step of 
another quadruped, Anisopus Dewey anus. 

Numerous slabs have been found which are more or less cov- 
ered with tracks. One of the best specimens, from Turner's 
Falls, Massachusetts, was sold to the British Museum by Dr. 
James Deane, of Greenfield. A portion of it is represented in 
Fig. 157, on page 252. It is about six by eight feet, and con- 
tains 75 tracks. 

# In connection with one kind of tracks, in Chicopee, Massachu- 
setts, coprolites were S)und. They^ contain black carbonaceous 
grains, which are supposed to have been undigested seeds. Chem- 
ical analysis shows these specimens to have been the coprolites 
of omnivorous birds. Teeth alcribed to a mammal, Microlestes 
antiquuSy have been found in Germany by Professor Fileninger. 

What is said of the biped batrachian 1 pf the coprolites from Ghico^^'^ 
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CHAPTER VII. 

PALJSOZOIC PERIODS. 

Bbcedino yet farther into the remote ages of the past, we come 
to those formations which are called Palseozoicy because they 
contun the remains of the most ancient animals that are known 
to have existed. The passage from the Mesozoic to the Palaeo- 
zoic formations is not marked by any abrupt transition in the 
lithological chlaracters of the strata. Without fossils, it is even 
difficult to find tha plane of division. Yet in the forms of animal 
life, we find a transition almost as abrupt as that from the Ter- 
tiary to the Mesozoic. Although the triassic strata (the oldest 
Mesozoic) usually repose conformably on the Permean rocks (the 
newest Palaeozoic), yet the fossils are entirely ^different. Not one 
of the species which existed during the Permean epochs was con« 
tinned into the trias. 

Some of the Permean animals had existed through several of 
the previous Palaeozoic periods, and most of the others were 
nearly allied to their more numerous predecessors. The species 
of the last Palaeozoic period may, therefore, be regarded as the 
remnant of older types, which were gradually dwindling away. 
In the later Palaeozoic periods, the dawn of a new order of things 
was seen in the introduction of a few species of saurians, a tribe 
of reptiles which, as we have seen, had an enormous develop- 
ment during the Mesozoic periods. Thus, as we go up the 
stream of time, we find all the genera, and even some entire fam- 
ilies and orders disappearing, and others taking their place. 



What is the meaning of Falssozoic 7 What is said of the transition fronu 
the Mesozoic to the Falsozoic formations f of the general character of the Pet 
mean fossils of the introdaction of Sanrians 7 
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SECTION L— PERMEAM STSTEM. 

I. Oeogr.aphical DUtributum. — Thb system derives its name 
from the ancient kingdom of Permea, in the eastern part of Rus* 
sia in Europe, where the rocks of this period occupy a district 
700 miles long from north to south, and nearly 400 miles wide. 
It is also well developed in England and France ; bat it is in 
Germany especially that it appears with a numexoua series' of 
^'ell-marked subdivisions. 

II. Structure and Position. — These rocks consist of many dis- 
tinct strata of various characters. They are composed of white 
limestone, with gypsum and rock salt, sandstones with slates and 
copper ore, of magnesian limestone, conglomerates, &:c. 

Fig. 139 (page 242) exhibits the position of the system in the 
rocks of England. The following figure exhibits their subdivi- 
sions in Germany. 




SICTION OF MAQNISIAV LIHX8T0NX (qIRMANT). 

' Zechstein, C 7. Letten ; clay. 

or ^6. Fetid limestone, 
mine-stone, f 5. Baawacke, cellalar magnensn limefUnia. 
4. ArgiUaceoos schist. 
3. Bitaminoas schist and copper slate. 
2. Arenaceous schist. 
Lower new red series. . .'. 1. Bothe-todte-liegende.* 



Magnesian 
limestone < 
series; 



Shaly 
series. 



III. Fossil Plants, — The species are not numerous. A few 
of them are identical with the species of the carboniferous sys* 
tem, and the others belong to the genera of that system. 

Fig. 159 represents a species, Odontopteris Strogonovi, which 
19 peculiar to the Permean systenl* 

IV. Fossil An^Tiols. — One hundred and sixty-six species are 

• Red-dead-lier, because of a red color, dead or worthless, not containing 
metals, and underlying the metalliferous strata. 



What is said of the name and geographical distribution of the Permean 
rooks r of their structure f of their subdivisions in Germany? of the foflsil 
pUnuf ofthoinssilaniiiydsr 
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known, of which 148l belong exclusive- 
ly to this system ; tlte remaining 18 
have been conUnued from older fonn- 
ations. Of these 18, ten are tbe*<Bhells 
of Brachiopods. 

1. Radiata. — There are.only 15 spe- 
cies of corab, and these are mostly rare. 
The Orinoideant were represented by 
only one species. 
2. MoUusea. — We select fire species 
characteristic of this system. 




a a. TerabratDls Scblotbeim). c. Prodoatiu horrMceni. 

bb. BpiriTair Bluii. d. ModioU FaUsd. 

t. Murcbitonia aabangnlata. 

3. Articulata. — In this period the existing genus, Liraulus 
(horse-foot), was introduced^ and the Trilobites, which had flour- 
ished abundantly during nearly all the older epochs, had distfp< 

p eared. 

WhatuMidoftbendiataT of thearticnlatsf 
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4. fUta. — Tho eooAdons of fife wem mon bronUa to tldt 
dsM of Mrintit)* tfasn to iobio jAen. Foc^-dme spoeiea hsre 
boon fiNxnd. TIw two nu»t diuaetarifdc geoen am Pslaaau- 
AOi (fl^. 161) sad FlatjaoiBos. 




5. ReptStt. — Some Hzsid-Hke reptiles are intensliiig, aa tba 
oUest repreMntadres of Ais class widi wbuli we are acquainted, 
witli the exception of some spe<nes, wUch are known hy their 
footprints only, in the carboniferoos system. 

BEcnOK U^-CARBOKIPEBODB STffTEK. 

I. Geographical DittTtbution, — This system is widely extend- 
ed in both hemispherea. On this continent it fiimisbes a rich 
bituminons coal-field in Nova Scotia. In die eastern part of 
Massachusetts there is a small anthracite coal-field. 

The largest explored coal-field in the wOTld has its not^east 
extremity west of the Delaware River, in New Yoric, and ex- 
tends through Pennsylvania into Ohio westward, aiid to Alaba- 
ma on the southwest. It covers more than 100,00& square miles, 
and contains more than one million of million tons of bituminous 
coal. A much less extensive but rich field of anthracite coal lies 
in the eastern part of Pennsylvania, east of the Delaware River. 
The central region of Michigan constitutes another large coal- 
field. Another covers most of Illinois, the southwest part of In- 
diana, and the adjacent part of Kentucky. 
' Whatii laid oftheGihest of the reptiles 1 In vbat regioiu in North Amep- 
lot (losi the oarbomieniiu Bfitem occni I What ii laid of the largert coal- 
fleUr 
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The carboniferous system is found in Vancouver's Island and 
in New Mexico ; and in South America, in Obili. 

It occurs also in England, Scotland, Ireland, Central France, 
Spain, Belgium, Westphalia, and in Russia, from the White Sea 
on the north to Kaluga on the south. It is found in Java, in 
Borneo, and in China. 

II. Structure and P^^^'^eon,— Sandstones, conglomerates, and 
skales, alternating, in some parts of the series, with beds of coal, 
constitute this system. In some districts, calcareous strata occur ; 
but they are much less common in the Atlantic States of North 
America than the Western States or in Europe. 

The accompanying section, Fig, 162, exhibits the relations of 
this system to the older rocks in the northeast extremity of the 
great Ohio coal-field in the northern part of Pennsylvania. 

Fi^, 162. 




Here we see the effects of the extensive denudation which 
these rocks have suffered. Probably the contiguous parts of 
Pennsylvania and New York were once entirely covered witli 
them. Now only a few insulated summits remain. Fig. 139 
(p. 242) exhibits the relations of this system to the newer rocks 
in England. 

Fig. 163, p. 258, exhibits details of structure in a section of 
the coal strata on Kenawha River, Ohio. 

In what other countries does coal occur? What is the stractore of the 
locks f What is ^add of the effects of denudatbn f 
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BO. Conne nadtfune, conUuniiig foMil Imo*. 

, 1. Argillaoeoni inm ore. 

6. BiUcioiu date, mmi by Indian* lor Biniw-j»Bda. 

4. Bitumtmeut toat. 



4. SidHOiiam Mitl. 




The continuity of coal and other strata is often interrnpted 

by dislocations, of which usually no traces appear on the sur&ce 

Ftg.iM. of the ground, in 

**/ '■,'* consequence of 

; ; . ■■"" Bubaequenl denn- 

daUon of the sui - 

Fig.lM 

^ , representa a sec 

^ tionofanEngli^ 

coal-field. The 

II of BD English n«l-6eld 




tha Miction at Konawha River ; the M 
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Strata are numbered in descending order. There are four dif- 
ferent levels. In A B the coal X is 900 feet below the surface ; 
in B C it is within 200 feet of the surface, covered by No. 5 ; in 
C D it is 700 feet below the surface, and No. 1 only is wanting,' 
in D E it is somewhat higher than in B C. 

III. Fossils. — 1. Plants. This system is remarkable for con- 
taining not only a vast quantity of vegetable matter in the form 
of coal, but also for the great number and variety of the remains 
of plants. About 1000 species have been described, which is 
rather more than half of the entire number found in a fossil state. 
This is the more remarkable, since only a few species have been 
found in the older rocks. It is also remarki^ble that while few 
animal remains have been found in the coal formation, the plants 
were almost wholly of families which were not adapted for the 
food of animals. A large proportion of the vegetation of this 
period consisted of tree ferns, and of plants intermediate between 
the conifersB and the endogens. 

The wide distribution of the species is worthy of notice. Sev- 
eral have been found to be identical in Europe and in North 
America. The distribution of the species of animals was also 
on the same plan, not only in this but in all the earlier periods. 
It has, therefore, been inferred that the climate was then more 
uniform over the earth's surface than at the present time. 

(1.) Calamites is the name given to a tribe of plants, which are 
sometimes mistaken by the ignorant for petrified snakes. Some 
botanists have supposed them to have been a kind of reeds allied 
to equisetum ; but as they had a true bark, according to Pro- 
fessor Lindley, they could not have belonged to the class of en- 
dogens. They were branching plants, with hollow stems, of large 
size, and were very fragile. They are often found much com- 
pressed. The surface was covered with deep longitudinal fur- 
rows, which terminated at the joints. Some have been found 
three feet in diameter and thirty to forty feet long: 

It is very rarely that the stellate sheaths of the joints are found 

What is said of the species of fossil plants? of the general character of the 
plants? of their distribution ? of calamites? 



iieo cAUOVinKoca stbtu. 

H in Fig' IfiC, Ar of JUonite* radiate ; or dut die Tvaainm d 
roota sra found, aa in &■ c aliowa die cnrred npper eztremilj 
of Calamitu approximata. a and btn^, and c ( natiiral nxa 
i^^. 106 (t*! natural uz«) rapreoents a calamite from nr- u*- 
Hoekwnk, Masaacbiuotts, now in tfao Huaenm i^ Am- 
barat Collogo. 





(8.) Fenu, — The carboniferoua period 
was remarkable for the great number and 
U8fl ofits ferns. Many of tbem were more 
analc^us to the tree-ferns, which now in- 
habit the torrid xone, than to anj which 
live in our northern temperate zone. The 
fronds or leaves of modem tree-fems are 
often tan or twelve feet long, and are n.i- 
nutely and elegantly Bubdirided. 

More than 200 extinct ape^ee have 
been fbond in the caiboniferona syatem. 
The stems and leaves are almoet tnvaria- 
Wh>i t> nU of tbv g^Hal cbuwKar of diefcraat of Aa^ecieaaf lefMt 
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Dly separate; and since the parts of exttact species and genera 
of plants can not be reunited with the same accuracy with which 
the comparative anatomist reconstructs an extinct animal, bot- 
anists hare been obliged to give difierent names to thtf leaves and 
to the stems. The provisional name of Caulopteris has there- 
fore been given to the stems (Fig. 167). 

Fig- 168 represents a part of two leaves of Pecopteru longi- 
Jblia, from Rhode Island ', Fig. 169 represents a leaf and part 
of the stem of Odontopterit Brardii, also from Bhode Islaud. 

ng. 168 (fMon* 




Pig. 170 is PecopUria Mantdli, from England j and Fig. 171 is 
fieuropteri* flexaoaa, also from England. 

(3.) Lepidodendron (scaly tree) is the name given to an anom- 
What is nid of the LepidodeDdroD T 



262 CARBONIFEROUS 8T8TEM. 

alous type of plants, which were mach like the existiDg* clulv 
mosses (Lycopodiacese), in respect of texture, surface of the stem 
ramification, and foliage. But they were large trees. In an 
English coal mine one specimen was found which waa forty 
feet long, and at the base thirteen feet in diameter; at thie sum* 
mit it had fifteen or twenty branches. Having a true bark, 
they could not have belonged to the same class with oar Lyco- 
podiaceas. In the arrangement of the leaves they also resembled 
coniferee. 

. Fig. 172 shows the ramifications of a Lepidodendron and the 
leaves of the extremities. This specimen was found in the coal 
shale of Newcastle, England. 

Lepidostrobus is supposed by some to have been the firuit of 
the Lepidodendron. Fig. 173, a, represents the rare example of 
a young fruit at the end of a branch. Fig, 173, b, shows the form 
and structure of the ripe fruit, and its internal axis. 

Halonia regidaris, Fig, 173, e, from Coalbrook Dale, England, 
had a remarkably knotted surface. It was probably allied to 
the Lepidodendron. 

(4.) Sigillaria and Stigmaria, — These were once supposed 
to be two distinct plants ; but it is now well known that the for- 
mer is the stem and the latter the root of a large tree. Fig, 174 
represents a specimen found in a coal mine near Liverpool, En- 
gland, with the roots proceeding from the stem. 

In coal mines the roots of this tree are found abundantly in a 
deposit of clay, which invariably underlies the coal, and is there- 
fore called underclay. The trunks are generally found in a hor- 
izontal position; but, in one instance, five stems were found 
erect, near Manchester, England, where they have been secured 
in their position. In another case, a group of forty trees was 
found, standing not more than three or four feet apart. The 
stems vary from a few inches to five feet in diameter, and five tc 
sixty feet in length. 

What is said of the Lepidostrobas ? of the character of Sigillaria and 8ti|^ 
maria f of their position T 
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Fig. na shows the scarred snrlace of a species of Sigillari^ 

Fig. in. a. The scars left on the bark bj 

the fallen petioles. 
> h. The surface beneath the bark, 
exposed hy the removal of a part 
of the carbonized bark. 

(5.) Origin of Coal.— (a.) The 
b vegetable origin of coal might be 
ioferred, with some probability, 
from the great abundance of ibgsil 
plants in connection with it. But it is more satisfactorily de- 
monstrated from the microscopic examination of the structure of 
pieces of coal. The most convenient method is to take a piece 
of partially-burned anthracite from the fire. The vegetable cells, 
being more or less silicious, retain their form after the carbon is 
partly burned away, and may be seen with a microscope on the 
surface of the specimeii. Fig, 176, a, represents several ducts 




Fig. 1TB, 



□ superimposed layers ; 
shows two ducts more high- 
ly magnified. The wbito 
• gj '.Vi >JSv$S^ ^P*<^^8 sre the patches of 
^^ Ciyy ^i^^V ^'•'^ ""J ^° black lines 
^Sffi* ^ ^'^^^^V are the unbumed carbon. 
^55^ ^^Vt^P From such observationB, 
OLVVS 3S^^^D Professor Bailey, of WeHl 

' material of coal could nev- 
r have been reduced to i 
homogeneous pulp ; bul 
(3.) that coal is composed 
of thin layers of vegetable bodies confusedly intermingled, fbii 
method of examination is less applicable to soft coal, on account 
of the partial fusion, and the swelling caused by the bitumen. 
But other methods have detected in it a vegetable structure. 
(^.) Different theories have been proposed to explain the n>an- 
Wbat ia said of the origiu of coal 1 of ii 




ner in which ibB strata of coal may havo been preserred. In 
some places, their alternation, in a thick series, with strata which 
contain marine shells, and with others which contain ^iesh watei 
shells, is thought to indicate auccessive rise above and subsidence 
beneath the waters of the ocean. The subsidence accounts suf- 
ficiently for the covering and subsequent preservation of the veg 
stable matter. In other cases, perhaps more frequently, the veg- 
etable matter may have been carried down large rivers into the 
sea, and becoming Ivater-logged, have sunk to the bottom. But 
it has been said that this could not have been the origin of those 
coal-fields in which trunks of Sigill aria are found erect ; although 
some stems might have this position from the settling of the roots, 
like snags in rivers. 

Z. Animals. — The number of species known is not far from one 
thousand. Most of them are shells. A large majority do not 
occur in the proper coal formation, but in the other members 
of the system. 

(I.) 0£ Radiated animals the remains of fifteen to twenty spe- 
cies have been found, very few of which have been found in the 
other systems. Fig. 177 shows the corals, encrinites, &c, which 

, Fig. 177. 




tre exposed on a weather-worn stab of the 
stone of Iowa. 



r^'wrvstioi) of tbe coal T of tlis opecle* 




Fig. ITS. 
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Fig. 178 ehowa the body of the thirty- 
fingered ActinoerinkeB of the mountain 
limestone of Europe. Each of the five 
1 branches was subdivided j^, m_ 
I into two, and each of thestf 
into three. The figure , 
shows the base of the 
branches. 

Fig. 179 is Pentremites 
"^i"- inflatua, from the s 

Both of these animals had five-sided pe- inaua^ 

Wr.iao. (2.) il/oa<«ci.— The Poramin- 

ifera, a class of molluscs usually 
of microscopic size,, and of an in- 
ferior grade of organization (see 
page 197), were represented by 
several speciee during this perioi). i 
. TheclassofBrachiopodswasmost 
abundantly represented. The shell 
' of Productus spinulosus, Fig. 180, 
was remarkable for its long spines. 
There were thirty species of the 
genus Productus. Productus gi- 
gantous was a 'very large Euro- 
pean species, five inches long and 
four inches high. Spirifer, anoth- 
er genus of Brachio- 
poda, was represented 
by 85 apedes. i^. 181 
j shows the parts of Spi 
' rifer striatua. a, the ex 
temal surface. £,theiD' 
ior, showing the api 
e, part of the coil detached. 
What ie laid of ihaFomniniferaf of theBrBchkipodi{ 
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The Gasteropods were represented by several geneia, rnaaj 
JV-182. of which now exist, while others 

became extinct in this period. Of 
the latter number waa Euomphalus, 
i^4iich had been introduced in the 
I earliest Palaeozoic times. JP^. 18S 
I represents a beautiful species, E, 
efpialU, found in Russia. Although 
I Crasteropod, the animal had a 
chambered shell, for it formed im- 
perforate partiuons in pig. iss. 
a retreats from the older portions of the . 
shell. Natica Omaliana, Fig. 183, has been found ' 
in Russia and in Belgium, and belonged to a genus 
which was introduced in the older Palaeozoic periods, and is now 
abundantly represented in all climates. 

Of the Cephalopoda, Goniatites is a genus which became ei- 
Fig.-iSi. tinct in this period. Fig. 184 

represents aremarkable species, 
G. JoBSK, which is found in Rus- 
The lines erf the junctio 
1 of the partitions with the ex- 
I terior shell were very tortuous. 
' Otthoceratites is another Ce- 
phalopod genus, which had been 
introduced in the earliest Falseo- 
zoic periods, and became extinct in this epoch. J 
185 shows the internal structure of a species. The fl 
genus Ammonites (see p. 219), although of early in- \ 
troduction, did not become extinct tin til the last of the \l 
Mesozoic periods. It was represented in this period by sevetal 
species. Many of them occur in the Western States. 

Fresh water species of the existing genera TJnio and Anodonta 
occur in the coal formation. 

Although none of the species of this epoch survived the change 
WhatuMidoftheGMtMopadsT of tbe Cephalopods t 




zes 
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'^■^*'" from Fateozoio to Mesozoic timeB. 

yet 23 genera of the shells have cod- 
tinuod Co the present time. They be- 
long mostly to the Acaphala and Gas- 
teropoda. 

(3.) FUhet.~Th0 fishes of this pe- 
riod have been very abundantly pre- 
served. Not less than 150 species 
have been found. Megalichdiys and 
HoloptychuB were gigantic sauroid 
fishes, whose remains are found with 
plants and crustaceans, which indi- 
cate alacustrine or estuary formation. 
Fig. 186 represents a tootli of one of 
these fishes of the natural wze. Their 
teeth are larger than those of any 
other fishes which have conical teeth. 
(4.) ReptUet. — In the carbonifer- 
JUS rocks of Nova Scotia, the foot- 
Ik prints of a reptile have been found. 
In those of Pennsylvania, the tracks 
of a reptile were discovered by Dr. 
A. T. King, who named the animal 
TAenaropw heterodaetylus. Fig. 187. The hind loot resembles a 
human hand. The reptile may have been a batracliian. 




In 1848, Dr. Isaac Lea, of Philadelphia, discovered near 
Pottsville, in Pennsylvania, certain reptilian tracks. There are 
SIX double impFessions 13 inches apart. The animal which made 
them has been named by Dr. Lea Sawropus primavut. Fig J.88 
WhntiiuidoftfaogeDaraartheiheUioflhiipeTiodT of tbafidiait oftb* 
raptQMT of the tracks diwovand 1^ Dr. Leal 
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rapraaents one pur of tracks about} of the natuial size. Br 
Lea refers their position to the Devo- 
niaa Bystem, but Professor H. D. Rog- 
ers places them above the middle of the 
!. carboniferous system, yet much below 
ythe tracks which were discovered by 
Dr. Kiu^. They are, therefore, very 
interesting as the oldest remains yet 
' known of any reptilian or of any air- 
B,^^ breathing animal. 

rV. Climate and Geography. — From 
the vast quantity of the vegetable mat- 
ter, and irom the remains of freab water 
ahells, It mnj Ijo mferred that there was no inconsiderable amount 
of dry land durmg this period. From the character of the plants, 
it has been inferred, also, that tbe land must have been low, and 
perhaps consistod to a large extent of islands. If, however, the 
beds of coal originated in vegetable matter brought down by 
rivers, there must have been lai^e rivers, and consequently large 
continents. 

Professor H. D. Rogers finds that the coal-beds of Eastern 
Pennsylvania were derived from a continent lying to the east- 
ward, and occupying more or less of the space which is now filled 
by the Atlantic, while the ocean of this period occupied the re- 
gion westward, and covered most of the continent of North 
America. The gradual retreat eastward of the Atlantic conti- 
nent is indicated by the greater extension' eastward of each suc- 
cessive coal-bed as we ascend the series. The retreat eastward 
of this continent must have been due to its subsidence beneath 
the ocean, as is obvious also &om the thickness of the series of 
strata which intervene between the coal-beda. 

It has been generally inferred, from the character of the plants, 
that the climate was tropical ; and some have supposed that it was 
ultra-tropical. Most of the existing tree-ferns and other plants 
at occupying the area 
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which resemble those of the carboniferous epoch are tropicaL 
Yet the abundance of a similar vegetation in New Zealand, and 
the difiference of the species and gendra of that period from those 
which now exist, will not permit us to infer confidently that the 
mean temperature of the earth's surface was much higher than 
at present. But the tempei*ate and northern regions may have 
bc^on t^armer, and it is alipost certain that a very uniform climate 
proN'ailed over large areas. 

During this period a gi^eat quantity of carbon was buried be- 
tween the sedimentary strata. But since the carbon was of veg- 
etable origin, and since plants derive their carbon from the car- 
iHMiio acid gas in the atmosphere, it has been inferred that, up 
to this period, the atmosphere had been loaded with a much 
greater quantity of carbonic acid than it has since contained. 
The total amount of coal in the world has been estimated at 
5,000,000,000,000 of tons. The quantity of carbon now in the 
carbonic add of the atmosphere is 850,000,000,000 tons. Hence, 
previous to the coal vegetation, the atmosphere must have con* 
tainod six times its present amount Such an atmosphere, with 
a moist temperature, and a uniformly warm climate, would have 
fulfilled the conditions most favorable to an exuberant ^vegetation. 

SECTION IIL^DEVONIAN SYSTEM— OLD RED SANDSTONE. 

I. Grographical Distrilmtion, — In the United States this sys- 
tem has its principal development in a region which includes the 
Catskill Mountains of New York on the northeast, extending to 
the anthracite coal district of Pennsylvania on the south, while 
\t is prolonged westward, in a narrow belt, around the great bi- 
tuminous coal-field in Western Pennsylvania. Farther to the 
soutliwest, it extends in narrow belts along the Alleghany Mount- 
ains* But some geologists do not regard these rocks as belong- 
ing to the Devonian system. 

In Russia, in Europe, this system covers a vast region 150,000 
equals miles in extent. Occupying most of the western part of 

What 18 said of t)io atmosphere f of the distribution of Devouiau rocks io 
the Tuited Static f in Earope t 
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Russia, it extends to the northeast in one long arm beyond Arch- 
augel, while another arm extends to the southeast beyond the 
River Don. It also occurs along the western flanks of the Ural 
Mountains. In Western Europe, this system is well developed 
in the Rhenish proyinces ; it has been most cai*efully studied in 
the southwest part of England, and in Scotland, where it is 10,000 
feet thick. It occurs also in Ireland, France, and Spain. 

II. Structure and Position, — The strata of the Devonian system 
are composed of dark red sandstones and conglomerates in the 
upper part, and of calcareous slates and flagging stones in the 
lower part, in England. In New York they consist of red, 
brown, gray, and green sandstones, and conglomerates, and of 
fissile sandstones and slates of the same colors. 

Fig, 162 (p. 257), and Fig. 198 (p. 275) exhibit the position of 
this system in New York. 

III. Fossils, — More than seven hundred species have been 
found, of which a majority are shells. Fishes are also preserved 
in great numbers. 

1. Plants, — Very few species remain, and these are said to 
have been mostly marine. 

^'^fl^L.^^,^ ^' -4»«^«^*'-^(l«) Radiata. Corals 

and Crinoideans were very abundant 
^ during this period. 

Fig, 189 is Favosites polymorphus, 
a coral of this period. 
(2.) Articulata, — The existing genus Serpula makes its first 
appearance in these strata. These animals are marine worms, 
which are covered by a solid calcareous secretion. Their tubes 
are irregularly twisted, and are joined in large masses or attached 
to other marine bodies. Of crustaceans, trilobites occur much 
more rarely than in the older Palaeozoic rocks. Brontes fidbel- 
lifer was a crustacean of the order Macroura, somewhat like a 
lobster, but was four feet long. Fig, 190, page 272, represents 
the tail. 

What is said of their stnictare 7 of their position 7 of tife number of fossil 
species? of the plants 7 of thenidiata7 of serpula 7 of the crustaceans 7 




373 DBTOirfAX STSTSH. 

(3.) Molluscs. — Of the Brachiopods, the existing genus Tere- 
hratyia was abundantly represented. The .genua Spirifer was 
also well represented. The genus Sirigocephaltu was introduced 
during this period. Fig. 191 is S. Bartuti. 




Glilgaceiduhu ButliiL 



Of the Acephsla there were many species. Fig. 192 is Cy- 
pricardita anguttafa, from tho Catskill region, in New York. 
Murckiaonia tntermedia. Fig 193, is an example of the Gastero 



J^S**»! 




pods of this period. Of the Ce- 
phalopods, the genus Clymenia, 
Fig. 194, which had the siphun- 
cle along the inner margin of 
the partitions, was introduced 
during this period. Thirty-five 
species of this genus have been 
found at one locality in Bavaria. 
This number embraces nearly 
all the known species. 

(4.) Fisket. — This period was 
remarkable for the number and 
extraordinary character of the 
fishes. Seventy-five species hav« 



What ia said of the Brachiopods? of the Acephalal of Cljmeiiiat of Um 



been found. Tfaey occur cbiefiy in the Bondstones of Scotland 
and RuBsia, while, in the same kind of rocks, shells are rare in 
both of these countries. 

In one femily of fishes the bead was greatly developed. Snch 




was CepkalaspU Lyellia, Fig. 195. PterichtJcya comutvs, Fig. 
196, was remarkable for its wing-like appendages. In other re- 

Hg-VK. 




■pects, the Coccoatat* ohlongtis was allied to it, but bad the tail 
needle-shaped, and much longer. 

One of the most extraordinary genera was Holoptycbus. Il 

had very large, stout, enameled scales, which constituted a de- 

fensivearmorof great strength. Some of the scales were nearly 

Fig.vn. 




WhstiiuidQrCephal&spii? of Pterichthja 1 oFHolop^hlut 
M 3 
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>fi long and two and a half inches wide. Fig. 197, 
y represents a specimen of HoloptycTius nohUissimtis^ 
»-»,^^ ^'two feet four inches long and twelve inches wide. The 
ambK4 appears to have sunk quietly, after death, to the bottom 
of the sea, lying on its back in the sandstone of Scotland. Some 
fish-bones in the Devonian strata of Dorpat, Russia, must have 
belonged to fishes 30 or 40 feet long. One bone is three feet in 
length. Scales of Holoptychus are common, also, in the old red 
sandstone of New York. 

SECTION IV.— SILUBIAN ST8TE1C. 

I. Geographical Distributian, — This system occurs in the basin 
of Hudson's Bay, in the valley of the River St. Lawrence, and in 
the vdley of Lake Champlain. In the western part of New 
York, it is most fully developed with a great number of subdivi- 
sions, regularly superimposed, and with outcrops in fisivorable con- 
ditions for examination. In a southwest direction it extends 
along the Alleghany Mountains, which are mostly constituted of 
its members. In the Western States, the upper part of the sys- 
rem shares most of the surface with the carboniferous system. 

In the Northern States, the Silurian system exists in a highly 
raetamorphic condition, having been changed into crystalline 
rocks. 

This system received its name from the place where it was 
first successfully investigated, the western part of England, which 
was anciently inhabited by a tribe called the Silures. These 
rocks occur also in Belgium, Germany, Norway, and Sweden. 
In Russia, they occupy a region around St. Petersburg, and are 
found in the Ural Mountains in a metamorphic condition. It is 
rendered probable, by fossils which have been collected by trav- 
elers, that the Silurian system exists in Terra del Fuego, in South 
Africa, and in New Holland. 

II. Structure and Position. — A great variety of rocks is com- 

What ia said of the distribution of the Silnrian system in North America 1 
of its condition in the Northern States? of its name? of its distribution in En> 
rope ? of its stmcturo ? 
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prised in this system. Hard sandstones, fine slates, and flagging 
stones constitute a large part. Conglomerates are less common, 
oome of the formations are partly calcareous, and others consist 
chiefly of limestone, and furnish excellent marble. It is an ex- 
traordinary fact that, in the vicinity of St. Petersburg, this most 
ancient system contains beds of unconsolidated clay. 

Fig. 198 exhibits the position of this system in a section ex- 
tending from the north side of Lake Ontario across New York 
into Pennsylvania. (See Report by Professor Hall.) 

M 




G H 

NEW- YORK SYSTEM. 



1. A. 

2. B. 

3. 0. 

4. D. 

5. E. 

6. F. 
a. 

7. G. 
&H. 



« I. 



Primary or metamorphic rooks. 

Potsdam sandstone. 

Calciferons sandrock. 

Black Biver limestone. 

Trenton limestone. 

Utica slate. 

Lake Ontario. 

Hudson Biver group. 

Gray sandstone and Oneida 

conglomerate. 
Medina sandstone. 



10. K. Clinton group. 

IK L I, Niagara group. 

12\ M. Onondaga salt eroup. 

13. N. Helderberg series. 

14. O. Hamilton group. 

15. e. TuUy limestone. 

16. P. Portage group. 

17. B. Chemung group. ^ 

18. S. Old Bed or Devonian system. 

19. T. Conglomerate of the carbonifef' 

ous systeiki. 



Fig. 199 exhibits the order of the Silurian r6cks in England. 
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ORDER OP SUPERPOSITION OF THE SILURIAN ROCKS. 



7. Upper Ludlow shale. 

6. Aymestry, or Ludlow limestone. ^Ludlow series. *) 

5. Lower Ludlow shale. 



4. Wenlock limestone. 

3. Wenlock shale. 

2. Caradoc sandstone. 

1. Llandeilo flags. 



Wenlock series. 






Upper Silurian. 



.Lower Silurian. 



Fig, 200, page 276, exhibits the order of these rocks in the 
territory of Christiana, in Norway. 



Describe the section across New York ; the section in England* 
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^ m b e d «C« 

t. Trap, &c. } £„ptjye 

p. Porphyry. J *^ * 

€. Old red sandstone. Devonian. 

d. Calcareous flagstones, &c. t Upper SfliiriMi 

e. Coralline limestone and shale. 5 ^<^ 

*• Pejjf«°«™ Umestone. ) j^^^^ gjj^^^j^ 
a. Schists, flags, &c. > 

^. Gneiss. 

Ill, Subdivinons of the Silurian System, — On account of the 
number of regular formations, each characterized by some pecul* 
iar fossils, while other fossil species extend through and charac- 
terize entire series of successive formations, it is practicable, in 
most countries, to make convenient subdivisions of this system. 
In New York it has been divided into four divisions. They are, 

1. Erie Division ; R to O in Fig. 198. 

2. Helderberg Division ; N. to M. 

3. Ontario Division ; Z to 1. 

4. Champlain Division ; H to B. 

The first of these divisions, perhaps, includes in its upper part 
some strata of Devonian age, the limit between the two systems 
not being clearly defined in New York. 

If the same subdivisions could be identified in distant coun- 
tries, they might be regarded va distinct systems. But they are 
not persistent over large are.'is. In the Silurian districts of the 
Western States some of the New York formations are wanting, 
while a few others are more fully developed. This may be seen 




d e 

a. Coralline beds. ) Cliff 
h. Lead-bearing beds. \ limestone. 
e. Blue fossiliferous limestone. 



d. Buff-colored stratum. 

e'e e. Red and white sandstone. 

//. Lower magnesian limestone. 



Describe the section in Norway. What is said of the subdivisions 7 Why 
I we they not distinct eystems 7 
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in the preceding sec^tion of the Silurian rocks of Iowa, Fig 201, 
from Mr. D. D. Owen's Report. _ 

The cliff limestone is so called on acdount of the great num- 
ber of cliffs composed of this rock. The cliffs have resulted froi^i 
denudations of the surface. Its upper beds abound in corals and . 
shells, and the lower part constitutes the great lead region. 

In Figs, 199 and 200 we have seen the subdivisions of the 
system in England and in Norway. The simple division into 
Upper and Lower Silurian may be applied in most countries 
where these rocks occur. 

IV. Fossils, — ^Very few species of plants or of fishes have 
been found. Except fishes and a chelonian (fresh-water tortoise), 
all the vertebrated classes are wanting. Several Crustacea oc- 
cur, and the family of trilobites was more fully represented in. this 
than in any other period. The crinoideans and corals were also 
well represented. But a large majority of the fossils are shells. 

More than one thousand species of Silurian fossils are known. 
Professor Hall has described three hundred and eighty-one spe- 
cies belonging to the Champlain division, and three hundred and 
forty-one belonging to the Ontario division, within the limits of 
New York. 

1. Radiata, — (1.) Corals, One of the, most beautiful of the 
Silurian fossils is the chain coral, Catenipora escharoides. Fig. 
203, page 279, represents a specimen from Iowa, from the Upper 
Silurian, or eliff limestone. The same formation also contains 
several other species and genera of corals. 

1^1^.202, Z,.page 278, represents a solid coral, Favistella steU 
lata, from the Hudson River group of New York, n and p rep- 
resent other solid corals : n is Stictopora fenestrata, from the 
Chazy limestone of New York ; and p is Chcetetes Lycoperdon, 
from the Trenton limestone of New York. In Fig, 207 (p. 281), 
j and I also represent solid corals : ^' is a specTes of Cyathophyl- 
lum, from the Hamilton group in New York ; and I is Astrcea 
rugosa, from the Onondaga limestone of New York. 

Describe the Bection in Iowa. What is said of the kinds of fossils 7 of their 
nnmber? of the chain coral? Mention some examples of solid corals. 
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Fig. 203, h, represeots the Tentacuiitea omattu, &om the Wa' 
ter Lime group of New York, It is doubtful whether this geous 
vras more nearly allied to corals or to criooideana. 

(2.) CrraptolitM were probably zoophytes. Their cfaaractar 
has been much discuHsed, and it is yet uncertain to what family 
in this class of animals they should be referred. Some have sup- 
posed them to have resembled the sea-pen, Fennatula. They 
are very common in some argillo-calc&reous slates {Fig. 202, k). 
(3.) Crinoideant. — The following figures exhibit some of the 
F*. SM. Silurian types of this elegant family of star- 

iahes. Fig. 204 is a basal view of the body 
>{ Platycrinvt diacoideus, the peduncle bav- 
j ing been sttaohed to the central piece ; the 
f ramifying arms were jointed to the side- 
pieces. This species is from Iowa. 

Fig. 202,^ represents the body and part 

oiiiie&nasoinypanthocrinitetciElatua.ivom 

Lockport, in New York, j represents ihe body, arms, and a part 

of the stem of Sckixotninua nodonu, frojp the Trenton limestone 

«C Glenn's Falls, New York. Pig. 207, g, represents all the 

What JB laid of Graptolitea ) Mention come examplfs of Crinoidaana 
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parts of Ci/athoeiinui omatUnmiit, from the Portage group, at 
Portland, in New York. Fig. 203, c, represeDtB the body of 
Caryoerintu omatia, from the Niagara group, iu New York. 

2. Articulata. — The crustaceana were represented chiefly bj 
the family of trilobites. These animaU were dirided length- 
wise into three lobes, and transTersely into numerous segments. 
They were able to roll themselves up, like the wood-louse. 
Many were entombed, and are now found in this condition, as 
represented in Fig. 205, Calymene Fitcheri, from Rnssia, Their 

Tigva. ^y^ were prominent and compound, 

consisting of many tubes, which were 
less numerous and larger than those 
which we sea in the compound eyes of 
I xttSiet^iFig.fiOl.ki). Although mul- 
I titudes of specimens have been careful- 
ly examined, no legs have been discov- 
ered. Probably they had small and fra- 
gile legs, which were not much used foi 
locomotion. Fig. 207,. k, represents Calymerte hufa, from the 
Hamilton group, in New York; this specimen is partially coiled. 

3. Mollutca. — The class Brachiopoda had its greatest develop- 
ment in the Silurian periods. Fig. 202, e, represents Dethyrit de 
cemplicata, from the Niagara group, at Lockport, in New York, 
Fig. 202, h, is Stropkomena striata, from the same locality, t is 

fig. SOS. probably OrtkitflabeUvhtm, also from 

Lockport. Fig. 207, a, represents 
Atrypa kystrix, from the Chemung 
group, at Bath, in New York, b rep- 
ents Ddthyrit acuminaUi, &om the 
1/ Cbemung group, at Ithaca, in New 
York, y is Strophamena tetigera, 
from the Marcellus. shale, at Avon, 
in New York. Fig. 206 is a Euro- 
PeDtimenu KdI^cil pean species, FaUamerut Knightii. 

Wbat is said of tbe Btractura of TrilobilcaT Mention tome exsmplas of 
Bracblopoda. 
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Fig. 207, c, represeniB Onkit iiUarlineata, from die Cbemung 
g;ro<ip, of New York. Fig. 202, m, represeDts Lingula MUiqmt, 
of tbe Potsdam sandatone, in New York. This is the oUeat of 
the fbauliferouB rocks ; yet the same genus inhsbits the tropical 
Beas of tbe present time. 

Although the Acephala are now far more nnmeronB than the 
Braehu^joda, jet in the Silurian periods they were less abun- 
dant, i^. SOS, ^'.represents a species of a genus long ebce ex- 
tinct, Pterinea caritiata, from tbe HudsoD Hirer grotip, in New 
York. Fig. 207, d, is Aviada tptnigera, from the Cbemung 
group, at Painted Post, in New York. This extinct species be- 
longs to the existiDg genua, which includes the pearl oystetH, e 
reprosenta an extinct species of tbe existing genas of scallup 
shells, PecteA caneellatiu, from the Cbemung group, at Fhilli|)S- 
burgh, in New York. * represents Cypricardia tntncata, fniir 
tbe Hamilton group, at Cayuga Lake, in New York. 

Tbe Gasteropoda, now by far tbe most numerous of all the 
classes of mollusca, were also rare. Fig. S02, a, represents the 
Euomphalus profttndui, from tbe Pentamems limestone, in New 
York, g is the Bellerophmi hilobatut, &om the Trenton lime- 
stone, in New York, 

The Ci^holopoda, now extremely rare, were common, and 
were represented by a ngvx. 

great vanoty of gene- 
ric forms Fig. 202, 
d, ie Comulitea araia- 
tut, from the Niagara 
group, in New York. 
Fig 208 represents a 
remarkable shell, Lttu- 
ites Ordmi, from the 
Siluiian rocks of Rus- 
sia. Fig. 207, A, rep- 
resents a remarkably 




Uontitm Kmie example! of Acephala; of Gasteropoda; of Cephalopoda. 
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fileuder, chambered shell, Orthocercis aciculum, from the Portage 
group, at Cashaqua Creek, in New York. 

* 4. Fishes and Reptiles,- — ^Fragments of eight or ten species of 
fishes have been found, and the tracks of at least one reptile 
have been discovered in Canada by Mr, Logan. 

5. Plants. — The fossil represented in Fig. 202, o, is supposed 
to have been a marine plant, and has been called Scolithus line- 
aris. It is found in the Potsdam sandstone, in the valley of 
Lake Champlain. 

V. Climate and Creography, — The farther we recede fjrom the 
present time in the history of the earth's surface, the less defi- 
nite is our knowledge of the distribution of -land and water. 
Although no remains of land animals have yet been found, we 
can not infei from this negative fact, in the present imperfect 
state of knowledge, that such species did not exist. On the con- 
trary, many of the fossils indicate shoal water, and it is not cred- 
ible that the surface of the earth should have been so adjusted as 
to have been one shoreless ocean, yet abounding over extensive 
areas with shoals. There must have been archipelagos, and it is 
probable that there was a great continent occupying the area of 
the Atlantic. This is inferred from the manner in which some 
formations thin out westward, where also they are of finer mate- 
rials. Both of these facts indicate a continent on the east as the 
source from which the materials were derived. 

From the great number of species of shells in the Silurian 
system within the State of New York, it may be inferred that the 
climate was tropical, or, at least, much warmer than it is now ; for, 
at the present time, it Is only in warm regions that such a profu- 
sion ei species is found in such limited areas. From the wide 
distribution of many of the species of fossils, it may also be infer- 
red that the climate was more uniform over the 'earth's surface. 

CUMBRIAN AND CAMBRIAN SERIES. 

In the north of England and in Wales, there exist certain 
slates, and other more or less metamorphic strata, on the precise 

What is said of the fishes t of the Scolithus? of the probable existence of 
and animals ? of dry land ? of the climate? 
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reladoiis of which to the Silurian Bystem there has been a dif 
ference of opinion. It is generally believed that they belong to 
the older part of the great Silurian period, since the fossiliferous 
strata contain species of fossils, many of which occur also in the 
typical Silurian rocks. Some geologists, however, suppose that 
a part of these rocks, although belonging to the same system, are 
older than the Caradoc sandstone and the Llandeilo flags (see p. 
275), while others consider them as the equivalents of those rocks. 
English geologists, therefore, describe them geographically, and 
the names above given are to be understood geog^phically. 
They do not indicate well-established systems of formations, 
having peculiar fossils and occupying a distinct period. 

In Pennsylvania, also, there is a series of shales lying beneath 
the Potsdam sandstone. 

TACONIC ROCKS. 

Certain slates and limestones in the western part of Vermont 
and Massachusetts, and in the adjacent parts of New York, have 
been called Taconic rocks. They have been supposed by Pro- 
fessor Emmons to constitute a system of formations more ancient 
than the Silurian (New York) system. A few very rare fossils 
occurring in the slates wera thought to characterize them. On 
page 117 we have given a section of Snake Moimtain, in Ver- 
mont, where these rocks are most perfectly exhibited. Here 
they are found to contain abundantly the same species of fossils 
which belong to the Champlain division of the New York system. 

In most places the Taconic rocks have been so much disturbed 
and altered, that their proper place in the series is quite obscure. 
They are semi-crystalline and much jointed, and the fossUs are 
mostly obliterated. It is convenient, therefore, to retain this 
name as designating a group of strata more or less metamorphic, 
,but of which a part certainly and probably all belong to^jthe Si- 
lurian system. , 

Where do the Cambrian rocks occur T what is said of their age 7 what dif- 
ference of opinion respecting them 7 Where are the Taconic rocks T what 
16 said of the fossils in them T of the character of the rocks ? 
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CHAPTER VIII. 

METAMORPHIC AND PRIMARY STRATA 

We have frequently had occasion to speak of metamorphic 
locks. In the present chapter we propose to give a brief and 
general account of them, of their origin, structure, and varieties. 

The word metamorphic literally signifies changed in form, and 
is applied to such stratified rocks as have lost, in a greater or less 
degree, their original structure. The mere change from the con- 
dition of sand or mud into that of solid rock is not metamorphism, 
since solid strata often retain their original structure with their 
fossils in a good state of preservation. But when the original 
mechanical structure of the strata is superseded by a crystalline 
structure, and the. fossils have been nearly or wholly obliterated, 
the rock is said to be metamoi'phic. 

As might be expected, all degrees of metamorphism occur. 
Some rocks are slightly crystalline ; their fossils are indistinct, 
but not obliterated ; and their stratification remains quite distinct, » 
but a jointed structure has been superinduced. Other rocks have 
lost nearly all traces of their origin in sand, or mud, or corals ; 
their fossils are mostly obliterated ; and they contain, in few lo- 
calities, only indistinct traces of organic bodies. Such are most 
of the Taconic rocks. But there are extensive regions, as in the 
New England States, in which the rocks are wholly crystalline 
in their structure, and are entirely destitute of organic remains 
retaining no evidence of their original deposition beyond that of 
stratification. Even this has disappeared in many rocks : some, 
like the fine slates, assume a conspicuous slaty cleavage, which 
18 often independent of and in a different direction from their 
(Miginal lamination, which is now indistinct. Other strata, as 

What is the meaning of metamorphic 1 What is the lowest degree of met 
amorphism T a higher degree f What is the most complete metamorpliism f 
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gneifis, appear to have been more or less perfectly fased, ana 
pass, by insensible gradations, into unstratified masses. 

Nearly all the metamorphic rocks were once supposed to be 
older than the Palaeozoic formations. They were included in the 
class o( primary strata, and were supposed to have been deposited 
in periods anterior to the existence of living beings on the surface 
of the earth. But most of the so-called primary strata have suc- 
cessively been identified with the fossiliferous strata. The origin 
• of others is yet doubtful ; and some lying beneath the oldest Pa* 
laeozoic formations are unquestionably more ancient. Yet we 
are not to infer from the absence of fossils that they were not 
originally fossiliferous, for we know that extensive regions-consist 
of rocks of the same structure and characters, which are destitute 
of fossils only because they have been subjected to intense met- 
amorphic action, while most of the oldest rocks which retain 
their original structure contain fossils. 

The true primary strata, therefore, are rocks which are more 
ancient than the oldest fossiliferous strata, which had probably a 
similar origin, but which retain no evidence of the existence of 
organic beings during the periods of their deposition. They are 
the Ultima Thule of our geological knowledge. They ai*e the 
limits, not of the facts of the earth's history, but of our .means of 
knowledge. As the most ancient profane history of man is lost 
in the dimness of ancient myths, so is the geologicied history lost 
in the obscure teachings of these most ancient metamorphic 
strata. 

The principal cause of metamorphism is the power of crystal- 
lization, aided by heat and by pressure. It is well known that 
long-cohtinued intense artificial heat may change the structure of 
stones. Slabs of sandstone in furnaces have assumed a crystal- 
line structure without fusion. But the strata of the earth's crust, 
being prevented by the mass of superincumbent materials from 
losing the heat which is imparted by adjacent volcanic agencies 

What was once sapposed to be the age of metamorphic strata 1 What dtf 
we know of some of them 7 What is saRcl of those of doubtful ai^ f What 
•re primary strata f What are the causes of metamorphism T 
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are thus for a long series of ages subjected to this metamorphic 
agency. In many substances the power of crystallization acts 
with extreme slowness. It is probable, therefore, that the long 
continuance of intense heat has produced important changes 
which would not otherwise have occurred. 

It is well known, too, that great pressure with heat produces 
remarkable effects. By this means chalk has been converted into 
marble. A degree of heat which, without pressure, would de- 
compose the substance, with pressure merely enables the crys- 
tallogenic power to give it a new structure. The ancient and 
the metamorphic limestones were once in the condition of corals, 
of chalk, of tufa, and of other calcareous deposits ; but by heat 
and pressure they have been converted into more or less crystal- 
line marble. 

The agencies of heat, and pressure also exalt the power of 
chemical affinity, and enable substances to enter into combina* 
tions, which could not otherwise have been formed. Hetkce the 
crystalline strata contain a great number of minerals, which are 
never found in unaltered sedimentary rocks. If, therefore, met- 
amorphism has robbed the palssontologist of fossils, it has en- 
riched the mineralogist vnth some of the choicest treasures of 
his science. 

Metamorphism not only obliterates fossils and induces a crys« 
talline structure, but it also is accompanied by the introduction 
of joints and a slaty cleavage. 

Joints are smooth planes of division, which are entirely inde- 
pendent of stratification. They usually occur in two or more sets 
of planes, which cross each other so as to divide the rock into 
pnsmatic forms. But these forms are incapable of subdivision. 

The planes of slaty cleavage are nearly or quite parallel, and 
produce forms which, by subdivision, may be reduced to thin lam- 
inae. Slaty cleavage is sometimes identical with the lamination 
which results from the original deposition of fine sediment, but 

How has time aided in producing changes of stmcture ? What is the ef* 
feet of pressare? What effect of heat and pressure on chemical affinities I 
What are joints f What is said of slaty cleavage 7 
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is very commonly quite independent of it. In the latter case it 
is often extremely difficult to detect the planes of deposition, and 
geologists have been sometimes deceived in the structure of such 
rocks. 

The cause of joints and of slaty cleavage is yet obscure. That 
joints are not exclusively the eflfect of igneous agency, appears 
from their occurrence, although rarely, in unconsolidated clays of 
the latest (the pleistocene) formation. They are, however, ht 
more common in metamorphic rocks. It is probable that the 
agency is somewhat analogous to that of crystallization ; in other 
words, that joints are the effect of an attraction between the par- 
ticles of mineral matter. 

The joints of conglomerate rocks often divide evenly the peb- 
bles which lie in the planes of division in the partially meta- 
morphic conglomerates of Roxbury and Dorchester, in Massa- 
chusetts. The quarrymen have exposed, often to the extent of 
several rods, smooth surfaces, which have been formed by such 
joints passing evenly through all the various materials of flinty 
and slaty pebbles, and of coarse and fine sand, of which the rock 
was originally constituted.^ 

The principal varieties of rocks in the metamorphic and pri- 
mary strata are, clay slate (argillaceous slate), crystalline marble, 
hornblende slate, quartz rock, mica slate, and gneiss. 

Clay slates were originally deposits of clay, the odor of which 
may be perceived when they are moist. As roofing and graphic 
slates they are well known. They are more or less free from a 
gritty composition, as the clay was originally more or less free 
from sand. They are among the softer rocks ; are usually dark- 
colored, but some varieties are of light colors, as green, drab, &c. 

Crystalline marble, as we have before said, was originally coral, 
or chalk, or tufa, and has been crystallized by heat under pres- 
sure. When pure, it is white ; but many metamorphic regions 
abound with silicious, micaceous, or argillaceous strata, which 

What Is said of the cause of joints ? of jomts in conglomerate rocks f Men- 
tion the principal varieties of metamorphio rocks. What is said of clay slates f 
of crystalline marble f 
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are also calcareous. Originally such strata were composed of 
sand or mud, with more or less :alcareous matter. 

Hornblende slate consists of quartz and hornblende, and is 
abundant in some parts of the New England States. 

Quartz rock is composed chiefly of quartz* It originated prob- 
ably in sandstone. It should not be confounded with veins of 
pure quartz, which intersect other rocks, and which are not of 
sedimentary origin. Quartz rock is often found in thick beds, 
which consist of nearly pure quartz, and retain no trace of lam- 
ination. It is then a very hard and indestructible rock. But it 
occurs also in thinner strata, with more or less mica in its com- 
position, and then passes into mica slate. 

Mica slate consists of layers more or ISss thin, that are com 
posed of quartz and mica, with the scales of mica, for the most 
part, lying nearly or quite in the planes of lamination. Well- 
crystallized minerals, as garnets, often enter more or less into its 
composition. When feldspar in considerable quantity is added, 
it becomes gneiss. 

Gneiss is, therefore, composed of the three minerals, quartz, 
mica, and feldspar. Its composition is precisely the same with 
that of granite, but it differs in being stratified. Of some mount- 
ain masses one part is gneiss and another part is granite, this 
part having been entirely melted, while the other was only ciys- 
tallized. 

One of the most interesting examples of metamorphic agency 
may be seen in the crystalline strata of the western part of the 
New England States. Commencing in Canada, they occupy 
most of Vermont and the western parts of Massachusetts and of 
Connecticut. These rocks have been much disturbed and ele 
vated, and constitute the mountain ranges of the regions which 
they occupy. For many years they were supposed to be primary 
strata, until at length the frequent identification of other supposed 
primary strata with Palaeozoic, and even with Mesozoic forma- 
tions, led to a more diligent search for fossils. In Canada these 

What IB said of hornblende date f of qnartz rock f of mioa slate 1 of gneifle f 
of metamorphic rocks in the western part of New England and in Canada T 

N 
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rocks are further removed from the great source of metamorph- 
^c agency, which was in New England. While, therefore, the 
search for fossils was unsuccessful in these states, in that prov- 
ince it was rewarded with the discovery of a few specimens. By 
these the rocks in question were shown to be of Silurian age. 

The Alleghany Mountains constitute another belt in which met 
amorphic agency has oeen exerted. They consist mostly of De- 
vonian and Silurian formations, which are partially metamorphic 

The source of metamorphic action may usually be discovered 
in the greater or less proximity of unstratified rocks. The influ- 
ence of those which are called hypogene (see description of the 
first class of unstratified rocks in the next chapter) has pervaded 
extensive regions, while the efhcta of the Plutonic rocks (the 
second class in the same chapter) have usually been more local. 
The influence of trap rocks has generally been limited to a few 
rods or a few feet, while that of granite has been felt for many 
miles ; but in the island of Jamaica, enormous mountain masses 
of Plutonic rocks have partially altered limestones to a distance 
of thirty or forty miles. 



CHAPTER IX. 

UNSTRATIFIED BOOKS 

In our history of the changes to which the crust of the globe 
has been subjected, and by which the stratified rocks have been 
formed, we have briefly noticed those irregular masses which ap- 
pear to have been forced in among the strata by igneous action 
during the successive geological periods. These masses are 
called unstratified or igneous rocks. 

We have now reached a point in the history of the earth be- 
yond which the succession of events is not distinctly recorded. 
If stratified rocks older than those already described ever exist- 

What is said of fossils in metamorphic rocks ? of the Alleghany Mountains T 
of the scarce of metamorphic agency f What point in the history of the earth 
has now been reached f 
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ed, as most geologists believe, all known traces of them have 
been obliterated by igneous agency, but how long a period in- 
tervened between the oldest known strata and the time when de- 
posits of strata commenced it is impossible to determine. We 
know, however, that there was a time when the whole crust of 
the earth consisted of unstratiiied rocks, and that these rocks 
formed the base on which all the strata repose, and out of which 
the primitive strata were formed. 

This mass or crust was probably granite, a compound of quartz, 
mica, and hornblende. Granite is so various in composition and 
structure, and has been erupted at so many different periods, that 
we can ascend the stream of time no further to note the success- 
ive changes in the mineral masses, and designate the epochs of 
geological history. It only remains, therefore, to give a short 
description of the various kinds of unstratiiied rocks. 

There are about eight varieties of unstratified rocks. They 
may be arranged in three classes, the Crranitic, the Trajfpean^ and 
the Volcanic rocks 

SECTION I.-GRANinC ROCKS. 

In this class of unstratified rocks maybe included Granite^ Sy-^ 
enite, and Quartz, 

I. Granite, — True granite is a triple compound of quartz, feld- 
spar, and mica. The proportions and arrangements of these 
simple minerals are indefinitely varied. There are very coarse 
granites, in which large crystals of the constituent minerals are 
united to each other ; and there are very fine-grained granites, 
in which it is difficult to distinguish the different ingredients. 
Between these extremes there is every variety of structure and 
composition, although feldspar is generally found in the largest 
proportion. 

What was the condition of the earth hefore stratification commenced t 
Which is probahly the oldest igneous rock 7 What is said of it 7 Why can 
we not ascend the stream of time farther 7 How many kinds are there of 
imstratified rocks f How may they be classed? What rocks belong to th<« 
first class 7 Describe tme granite. 
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1. Varietia of Granite. — ^Wbeii the rock is nearly or quite del 
dtute of mica, the quartz aud feldspar present a surface which 
reseidblefl written characters, on which account it is called graph- 
k granite. The following figures represent the appearance of 
the gurbce. i^. 209 is a section in the same directioii with the 
laminee, and Fig. 210 is a portion of the surface of a rock fauuil 




in Goshen, Mass. (Hitchcock's Report), and is a good example of 
this variety of granite. 

2. When the crystals of feldspar are very distinct, the rock is 
called porpkyritic granite. 

3. Talc sometimeB takes the place of the mica; the rock is 
then designated as talcose granite, and is called by the French 
protogene. By the decompositioq of this rock there is formed 
die celebrated porcelain clay, so extensively used in pottery. 

4. When the rock is mostly feldspar, it is caHieA Jfidapaikic 
granite. 

All these varieties, however, often gradually pass into each 
other, and also into the other kinds of unstratilied rocks. 

The color of granite is also very various, although it is usually 
grayish white or flesh colored. 

II, Syenite. — Syenite is similar to granite in structure, but dif- 
fers from it in composition. Hornblende takes the place of the 
tnica, and imparts to the rock a darker color. It is generally a 
fioe-grained rock. Mica is, however, often present in this rock, 
and it is then called tyenitic granite. 

DeMribe graphic grsoite. What is laid of the thne vuietis* of gnotta f 
Dcicribe lyenita, iti compoaitkni sod varietiM 
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The term syenite is derived from Syene, in Upper Egypt, 
whence most of the rocks used in the construction of ancient 
Egyptian monuments were obtained. This rock, however, is 
found to be a red granite, containing black mica and minute por- 
tions of hornblende, while Sinai, in Arabia, is composed of a true 
syenite. 

III. Quartz Rock, — The mineral quartz often exists in such 
masses as to be entitled to a place among the unstratified rocks. 
It sometimes occurs in thin seams, or in regular layers, in which 
cases it probably had an aqueous origin ; but large dikes of quartz 
not unfrequently occur among the strata in such forms as to in- 
dicate an igneous origin. Large mountains sometimes consist 
mostly of quartz. It is distinguished as the rock with which gold 
is usually associated. 

IV. Geographical Distribution of Granitic Rocks. — The rocks 
of this class are widely distributed over the surface of the earth 
They, frequently form extensive mountain ranges, but are gener- 
ally associated with the non-fossiliferous or metamorphic strata. 

Granite occurs in various parts of New England. It is found 
in bands and patches extending across the eastern portion of 
Massachusetts. Commencing at Andover, a belt of granite pass- 
es, in a southwest direction, to Rhode Island, having the mica 
and clay slates on the west, and porphyry and syenite on the east. 
Another belt extends from Buzzard's Bay, in a northeast direc- 
tion, to Cape Ann. 

Granitd and syenite are quarried, for building purposes, in many 
places near Boston. The most celebrated localities of the lattei 
are at Quincy and Braintree. 

West of these belts, in various parts of New England, granite 
is found in patches, some of which are of great extent, as in Es 
sex county, Vermont, and in many portions of New Hampshire, 
Maine, and along the range of the Green Mountains. It is also, 
often met with in th^ Middle, Southern, and Western States. 

From what is the name derived ? How has quartz originated ? For what 
b it distinguished ? Where are granitic rocks foand in New England f is 
other portions of the United States f 
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On the western coast of the United States granitic rocks ex- 
tend along the whole range of the Rocky Mountains, and through- 
out the Andes, in South. America. In some places among the 
Andes, granite rises to an elevation of 12,000 feet. 

Spires of graiute among the Alps, in Europe, are of great 
height, as in the case of the Aiguille de Dree, which is a solid 
shaft elevated 4000 feet above its base. 

Quartz rocks abound in California, and constitute the guanqua 
of the inexhaustible deposits of gold which have so recently been 
discovered in that state. 

V. Geological Pontian and Age. — Granitic rocks are generally 
associated with the metamorphic strata, either existing in large 
belts or masses, or cutting the strata in the form of dikes. They 
are not, however, confined to the older strata, but often penetrate 
the coal-beds, and, in a few cases, extend as high up as the ter- 
tiary ; hence these rocks have been erupted at different periods 
during .the deposition of the stratified masses. This infere^^ce is 
confirmed by the chemical and mechanical effects which granitic 
dikes have produced upon each other and upon the strata. 

The following figure of a bowlder found at West Hampton, 
Fi^. 211. Massachusetts (Hitchcock's Re- 

port), will illustrate the kind of 
proof which these rocks present 
of the truth of this statement. 

a represents the bowlder, 
which is a genuine granite. 
h c d 2i vein of granite passing 
directly through it. y* c is a second vein, which cut off the first, 
and removed it upward. ^ A is a third vein, which cut off the 
other two. Each of the veins is of different varieties of granite. 
In this case we have four distinct periods of ejection. Sin^ilar 
dxamples are found among all the metamorphic rocks. It is 
hence inferred that, although some of the granites are the oldest 




Where are granitic rocks found in South America? in the Alps? What 
raluable metal is usually associated with this class of rocks ? What is the geo- 
togical position of granite ? What evidence of different perioda-of eruption f 
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jf the rocksy others have been formed at different epochs, and 
can not, therefore, be assigned to any particular period of the 
earth's history. 

SECTION IL— TRAPPEAN ROCKS. 

Under this division we include porphyry, greenstone, trachite, 
basalt, and amygdaloid. 

These rocks are composed mostly of feldspar and hornblende, 
or augite. The term trwp is derived from the Swedish word 
trappuy a stair, and applied to this class because they often con- 
sist of blocks arranged like steps. 

I. Porphyry, — The term porphyry is applied rather to the 
structure of rocks than to their composition. The ancient por. 
phyries have a base of compact feldspar, through which are dis- 
tributed crystals of feldspar. This formed a very hard and du- 
rable rock, capable of receiving a very high polish. Any rock, 
however, with a homogeneous base containing crystals of some of 
the simple minerals disseminated through it, is called porphyry. 
Hence we have greenstone porphyry j which has a base of green 
stone, clay stone porphyry f pitch^tone porphyry , trachy tic porphyry ^ 
&c. The ancient porphyries were purple, hence the name ; but 
each variety has a different color. 

II. Crreenstone, — This term includes the compact varieties of 
the class in which hornblende predominates, and imparts to the 
rock a greenish color. The structure is often porphyritic, or very 
coarse grained, in which case it is designated 9S porphyritic green- 
stone and syenitic greenstone, 

III. Trachyte, — This rock consists of glassy feldspar, horn- 
blende, mica, and titaniferous iron ore. It has a rough surface, 
on which account it has received its name. Its structure is por- 
phyritic, and its color of a grayish white. 

IV. Basalt, — This is a compact, fine-grained variety of the 

_ . — _ • 

What is the inference respecting the age of granite 7 What is the compo- 
sition and structure of the trappean rocks? How is the term porphyry used? 
What is said of the ancient porphyries ? of greenstone? of trachyte? What 
is basalt? 
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trap femily, and ia similar in composidon to greenstone, atdiongh 
it contains the variety of hornblende called augite, with distinct 
grains of olivine. Its color is black, or grayish black. The rock 
can not easily be distinguiahed from greenatone. 

V, Amygdaloid. — This term, like porphyry, ia applied to the 
stmcture of certain rocks of the trap family. It abounds tn 
rounded cavities, which are filled with quartz, chalcedony, cal- 
careous spar, and some other minerals. This gives a peculiar 
texture to the rock, so that it appears like paste filled with si- 
monds, hence its name. The aofier base is called wacke, which 
is sometimes destitute of veeicles. 

VI. Coiumnar Structure of the Trap Rock*. — Rocks dTthe trap 
family and some others are often distinguished by their columnar 
etnicture. They are divided into prisms, which are more or less 
regular, with from three to ei^t faces, and from a few feet to 
200 feet in length. These columns are generally divided by 
joints, and the sections are usually concave at the top and coii- 
vex at the bottom ; although the form is sometimes reversed, as 
at Titan's Pier, Mount Holyoke, Massachusetts. 

The following view of the G^iant's Causeway, Ireland, Fig. 213, 




shows the position of these columns. The columns are pentag- 

"nal, and from one to five feet in diameter. 
'Fingal's Cave, on the island of Staffa, is another example of 

the same structure (Fig. 213). 

These columns sometimes s tand perpendicularly to the hori- 
Whatiaam^gdnloUlT What is raid of the atnclore of tbe trappeso rookit 
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Ftg.aa. 





zon, and, when broken and disinte 
'4 grated by the action of tbe attoos- 
/ phere or of the waves, present tbe 
r appearance of mined caetles. When 
they are horizontal, they appear like 
walls, and iiave often been mistaken 
for ancient fortifications {Fig. 314). 
The cBUBe of this peculiar columnar structure ie believed to be 
a tendency of the matter, when cooling, to assume a globule form, 
and thia view is confirmed by the fact that the same structure is 
found in recent lavas and in the clay of furnaces, but it hoe been 
more satisfectorily verified by the experiments of Walt, who 
melted 700 pounds of basalt and allowed it slowly to cool. In 
this process the matter gradually separated into globular masses, 
and these, by pressing againateach other,were finally formed into 
regular columns. 

VII. Geographical DUtrihution. — Trap rocks are found in 
mountain ranges and in the form of dikes, whtcb have cut througn 
the strata in nearly eveij part of the earth's cruat 

In the U. States, trap rocks occur on the Kennebec River, in 
Maine, where they rise in mountain masses from 200 to 300 feet 
in height, and trap dikes are found in every portion of the state. 

What is ths position and sppearance of the colnmiuT What is tfae came 
of the colamoarstnictarel Howistbta provedl Where do Irappean rock* 
•cmr in New Enjjbnd T 

NS 
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Noilh snil aoutb of BostOQ, MaMachusetts, tfaere is a belt of 
«;roeDStone aseociated with porpbyiy, which makes its appear- 
ance at Nahant, Lynn, Cfaarleatown, Roxbuty, and many other 
places. The ridgea are sometimes 600 feet in hei^^t Anollier 
ridge of greenstone passes along the CoDnecticnt River valley 
from West Rock, in New Haven, nearly to Vennont, It includes 
Mounts Tom and Holyoke, which are elevated a thousand feet 
or more in height. In the 'valley of Lake Champlaio numeroui 
naked dikes occur. A few miles above the city of New York 
greenstone trap fonns a series of elevations called the Palitadet, 
Three lidges pass through the State of New Jersey, and beds 
and high summiEs make their appearance at least as far south 
fts North Carolina. 

But the most extensive ranges of trap are found west of the 
Rocky Mountains. The Columbia River passes through mount- 
ains of trap from 400 to 1000 feet high. The following figura 
exhibits the appearance of the rocke. 




Yurk and New Jersey T Whatolher 



VOLCANIC ROCKS. 299 

A belt of fxap aoout three miles wide and one hundred and 
ihirty miles long extends along the Bay of Fundy, Nova Scotia. 
The action of the waves has exposed vast columns of greenstone, 
Grorh 300 to 400 feet in height. Many beautiful minerals, such 
as quartz crystals, agate, chalcedony, amethyst, and specular iron, 
abound in this range. Some valuable ores are associated with 
greenstone dikes, particularly the ores of copper, as those of Lake 
Superior, Connecticut, and New Jersey. 

Trap rocks are very extensively developed in the Andes, on 
the Eastern Continent. In New South Wales, basaltic mountains 
rise to the height of four thousand feet, and present phenomena 
similar to those of Staffa. These rocks, however, are found in so 
many localities, that our limits forbid a further enumeration. 

VIII. Geological Position of the Trap Rocks, — Trap rocks are 
protruded through all the strata from the earliest times down to 
the close of the tertiary period. There appears to have been 
two periods, however, during which they were erupted in the 
greatest abundance. The greenstone, which is associated with 
the new red sandstone, and the basalt of the tertiary, form the 
most extensive ranges or masses of this class of unstratified 
rocks. 

SECTION m.— VOLCANIC ROCKS. 

This division of the unstratified rocks includes all the mineral 
substances ejected from volcanic craters. The term lava has 
been applied to this matter from the fact of its flowing out in a 
liquid form. 

Lava is composed mostly of feldspar and augite, although a 
Jarge number of the other simple minerals are found distributed 
through it, one hundred species having been found in the pro ^- 
ucts of Vesuvius. 

Lavas are of several kinds, which differ in structure, composi- 
tion, and color. In the dark-colored lavas, augite constitutes a 



W hat is the geological age and position of the trappean rocks 7 During what 
periods were they erupted in the greatest abundance T What rocks are in- 
eluded in the volcanic class? Describe the different varieties of lava. 
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considerable portion ; and in the light-colored l^YBB^fddgpar is 
the principal ingredient. 

1. When feldspar preponderates, the lavas are called trachytie, 
and resemble trctchyte. The structure depenci^ upon the niode 
of cooling. The interior of the mass, or those portions which are 
cooled under pressure, are compact; but the surfece, which is 
exposed to the air, is exceedingly porous, and, when ejected into 
water, so light as to swim upon the surface in the form of pumice. 

2. When augite is tae principal ingredient, basaltic lavas re- 
sult. These can hardly be distinguished from basalt; in fact, 
when cooled under pressure, they form compact basalt, but, when 
cooled in the open air, they become filled with vesicles, and are 
generally termed scoria. 

3. A variety of lava called graysUme lava is intermediate be- 
tween the trachytic and basaltic lavas. Vitreous lavas, obsidian^ 
and pitchstoney are similar to melted glass. 

4. The materials which are ejected from volcanoes during an 
eruption, in the form of fine powder and angular fragments, fall 
down upon the neighboring land or sea, and there becoming 
mixed with sand or shells, form a peculiar rock called tuff. The 
varieties are denominated trap tuffy volcanic tuffy volcanic breccia, 
ttifaceous brecda, &c. Many other substances are ejected from 
volcanoes, but they are of little geological interest. We have 
given on p. 67 the geographical distribution of volcanic vents. 

EXTINCT VOLCANOES. 

'Extinct volcanoes are very numerous, and the materials they 
have ejected are similar to the lavas and basalts of the present 
period. The evidence of their existence during the tertiary pe- 
riod has been presented p. 181. From their size and appearance 
it is inferred by many geologists that volcanic agency was ex- 
erted on a much more extensive scale than at present, and that 
it bas been diminishing from the earliest geological times. 

What is said of extinct volcanoes 7 
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SECTION IV.— ORIGIN OF THE UNSTRATIFIED ROCKa 

We now proceed to give a summary of the evidence which is 
relied upon to prove the igneous origin of the unstratified rocks. 
This evidence maybe presented under the following heads: I. 
Their structure and composition ; 11. Their position ; and, III. 
Their effects upon the strata. 

I. The structure and compontian of the unstratified rocks prov€) 
their igneous origin. Commencing with the lavas of existing 
volcanoes, of whose igneous origin there can be no doubt, we 
notice the same structure, and often the same constituents in the 
extinct volcanoes, in all the trachytes and in basalt. So com- 
plete is the evidence derived from physical and chemical char- 
acters, that most rocks of the trap family, when isolated from their 
position, can with difficulty be distinguished from many varie 
ties of lava. This resemblance is not so perfect in rocks of the 
granitic class, and yet granite and syenite often assume the trap 
pean structure. The crystals are more distinct, a fact which is 
accounted for on the supposition that they were formed under 
the ocean or deep in the earth, and were more slowly cooled. 
There is also considerable differencebin their composition, but 
all the unstratified rocks by almost insensible gradations pass into 
each other, the lavas into trachyte, trachyte into greenstone, and 
greenstone into porphyry and granite. 

II. The position of the unstratified in relation to the stratified 
rocks shows that at the time of their formation they were in a 
melted or plastic state. Dikes of each variety not only pass di- 
rectly through the strata, but they spread out laterally, filling up 
the cavities and flowing over the surfaces of the strata. The ap 
pearance of the dikes is precisely similar to those in volcanic 
mountains, where rents are often made for miles in extent, and 
filled with melted lava. The principal difference is, that the 
trap and granitic dikes are on a much larger scale, and of much 
greater extent. They occupy every pDsition which would be 

What was the origin of the mifllTatified rockBT What is the first proof of 
ihisT the second proof I 
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■Mumed by matter in a state of fusion, ejected among the strata 
by an upward force, as seen in the following figure. 
Fif.aie. 





III. The mechanical and chemical effects of the unstratiGed 
rocks upon the strata and upon each other prove their igneous or- 
igin. The strata are lifled up, broken, and plicated on each side 
of dikes, greenstone, and granitic ridges, showing that the latter 
j^ ^ii_ were forced up from beneath ; 

and there are many examples in 
which portions of the stratified 
rock through which granitic and 
trap dikes pass are inclosed in their 
substance. ThiHseemsconclusive 
as to the igneous conditii)n of the 
matter when it was erupted. Fig. 
317 is an example of this kind of 
agency (Hitchcock's Report). 
The strata in contact with the dikes, and often to a considerable 
distance from them, are altered in texture and composition in a 
manner precisely similar to rocks which have been subjected to 
ion. Dikes of granite passing chi'ough beds of chalk 
ted the chalk into crystalline marble. The same eff<wt 
has been produced upon chalk by heating it confined in an iron 
vessel. Copper ores through which greenstone dikes have beeo 
tbi-ust have been smelted and converted into puie metal. Exam- 
ples of this effect are met with in Nova Scotia, Lake Superior cop- 
per mines, and in many other places wheie copper ore is found. 

What ia the third proof of Ihe origin of unstratified rocksl Describe tba 
ohemical and mechanical eflecta of dikes npoD chalk, coal, and athei' ■ttata 
ttrough which they [wu. 



volcanic a 
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Similar chemical effects have been produced upon the coal- 
Dods. In the eastern portions of the great Appalachian coal-field/ 
die anthracite coal is found in the vicinity of the unstratified 
rocks ; and we know that heat will drive out the bituminous mat- 
ters from sofb coal, in which case it resembles anthracite. That 
the anthracite was originally bituminous is proved by its struc- 
ture, and by the fact that, in passing in a northwest direction 
across this coal-field, the bitt^minous matter gradually increases, 
until, at a considerable distance fi*om the unstratified rocks, its 
original bituminous character prevails.* 

Generally, near the dikes the sti*ata are more crystalline, and 
this is a well-known effect of heat. 

We find, also, maay examples where one dike has cut off an- 
other. A horizontal dike has been cut off and lifted up by one 
which is vertical. This is so frequently the case with granite 
(page 294) and greenstone, that no doubt can be entertained by 
any one who has witnessed the phenomena of the igneous origin 
of the whole class o( unstratified rocks. 

SECTION v.— ORIGIN OF THE STRATIFIED ROCKS. 

The stratified rocks, as we have abundantly shown, received 
their structure and regular arrangement through the immediate 
agency of water. But the materials of many of them, especially 
of the older strata, were evidently derived directly from' the ig- 
neous rocks. The composition of gneiss, which is believed to be 
the oldest stratified rock, is identical with that of granite. Gran- 
ite often passes into gneiss so gradually as to show that in early 
times the same materials were alternately acted upon by fire and 
water, and that they existed at one time in a stratified, and at 
others in an unstratified condition. 

The various classes of slates, as mica slate, talcose slate, and 
argillaceous slate, appear to have been derived from granitic 
rocks which had been subjected to chemical and mechanical 

* This is doubted by some geologists. 

How have the stratified rocks been formed f In what state were their ma- 
terials before stratification commenced ? What proof of this 7 
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agencies. In diiferent parts of the stratified series we often find 
conglomerates which are composed of pebbles of igneous and 
aqueous rocks, cemented together by finer materials. 

From the above facts, and fi:om those stated in the preceding 
section, it is an obvious inference that the tohole crust ofthegloht 
accesnblt to observation was once in a mdted staie* 

We have already presented the evidence fi)r believing that the 
interior of the earth is at the present time subjected to intense 
heat (p. 70) ; so that we have now traced back the history of our 
planet to a period when its ersire mass was in a state of igneous 
fluidity. 

In confirmation of this condition of the earth at some former pe- 
riod, the supposed igneous state of other bodies of the solar system 
has been frequently urged. The moon appears to have been sub- 
jected, at no very distant period, to intense igneous agency. 
The sun, and some of the planets, have also been supposed to be 
pervaded with intense heat at the present time. This, however, is 
merely an hypothesis : their actual condition is unknown. 

SECTION VI.— NEBULAR HYPOTHESIS. 

It has been a question much discussed by astronomers, wheth- 
er the earth, the solar system, and the whole material universe, 
were once in a state of vapor. The subject is, designated the 
nebular hypothesis. The hypothesis supposes that the matter of 
which the universe is composed existed as vast nebulae, out of 
which, by the laws of gravity and of centrifugal force, under the 
molding hand of God, the present system of the world Iiblb been 
formed. 

If we suppose that God created matter and diffused it through- 
out space, and that from time to time he gradually molded it into 
suns and planets, under the laws of attraction which he has im- 
pressed upon material atoms, we shall have all the conditions re*' 
quired to account for the present arrangement of the universe. 

What inference in respect to the early condition of the earth 7 What anal« 
ogies are arged in confirmation of this 1 What qaestion has been much di* 
cussed by astronomers t Oiye a description of the nebnlar hypotbeiii. 
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There are many arguments which are relied x>n to establish 
:he truth of this hypothesis. An important one is furnished by 
the condition of the earth's crust. 

If we assume that the matter of the »3lar system existed at first 
as a nebula, theVe would be a tendency, from the action of grav- 
itation, in all the atoms to move toward the center, a solid nucleus 
would be formed by condensation, and the latent heat would ren- 
der it fluid. 

By the meeting of opposite currents a revolution would soon 
be established, and the matter on the circumference of this vast 
nebula would become so dense that the centrifugal force would 
overcome the cohesion, and a ring would be separated from the 
mass. This ring, as the nebula left it, by its further condensa 
tion would be collected into a globe, which would be fused by 
the development of its latent heat. The same process would be 
repeated until all the planets were foimed, and by the same law 
the planets would throw off their satellites. 

Now we have shown that the earth was once in the precise 
condition which such a process would produce, that is, in the 
state of fusion from heat. 

All the facts and phenomena connected with the present con- 
dition of the earth and of the solar system are either accounted 
for by, or consistent with, this hypothesis. The planets all move 
in the same direction in their orbits. They lie very nearly in the 
plane of the ecliptic. They are all compressed at their poles and 
enlarged at their equators, a condition which would result from 
the action of the centrifugal force. Many bodies, as the comets, 
exist as nebulous matter, and, in various portions of the heavens, 
the telescope has revealed to us numerous objects which are be- 
lieved by some to be matter in a nebulous condition. 

This hypothesis is adopted by many astronomers, and many 
learned treatises have been written in its support, the most cele« 
brated of which is the M^canique Celeste of La Place. 

It should be observed, however, that many nebulae have lately 
been resolved by powerful telescopes, especially by the large j^j^ 
What are the proofs of the troth of the nebular hypothesis 7 ^ 
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fleeter of Lord Rosse, and by others, and shown to be clusters of 
stars. These discoveries have somewhat weakened the evidence 
in support of the hypothesis ; but, on the other hand,1the discov- 
eries of Kirkwood in respect to the relations between the num- 
ber of rotations of the planets and the diameters of their spheres 
of attraction, would show that, at some remote period, there must 
have been a physical connection of the different bodies of the so- 
lar system ; and if " his analogies," as they are termed, wre fully 
estabhshed, they will offer the strongest proof hitherto furnished 
of the former nebulous condition of the universe. 



CHAPTER X. 

ANTIQUITY OF THE EARTH. 

The antiquity of the earth is a subject which has excited mucn 
interest both among geologists and theologians. The idea of long 
periods of time previous to the introduction of man has been sup- 
posed by many to conflict with the Mosaic history. Before we 
attempt to reconcile the records of geology with this history, it 
is desirable to establish, by physical evidence, the great age of 
the world. We have already given, in the preceding parts of 
the work, the principal facts which are the basis of this argument, 
and it only remains to gather into one view the chief points which 
are relied on to establish the truth of the proposition, 

That the earth existed for long periods , and passed through many 
changes previous to the introduction of the human species. 

The evidence upon which the argument for the antiquity of 
the earth is based is derived from the structure, character, and 
position of the rocks, the remains of animals and plants, and the 
mutual relations of the organic and inorganic portion of the earth's 
crust. 

What has weakened the evidence in favor of the nebular hypothesis 7 What 
has strengthened it 7 What is the object of this chapter 7 From what sources 
is the evidence of the great age of the world derived 7 
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SECTION L— THE ANTIQUITY OP THE EARTH, AS INFERRED FROM THE 
STRUCTURE, COMPOSITION, AND POSITION OF THE ROCKS. 

I. Basis of the Argument. — In our examination of the rocks 
which are now forming at the bottom of lakes and the ocean, we 
nave noticed that their aructure indicates the mode of their for- 
mation. They are arranged in regular layers, which may be 
easily separated in one direction, and, as we see the process act- 
ually in progress, we find no difficulty in understanding it. The 
sand, mud, and organic bodies which are borne from the conti- 
nents by the rivers into the ocean subside to the bottom in thin 
layers, inclosing marine animals and plants. These layers, by 
means of the mechanical pressure of water, and by the chemical 
agency of lime and iron, aided sometimes by heat, .are gradually 
consolidated. In many cases these layers have been broken up 
and variously inclined by volcanic agency. 

If now we take a rock thus formed and compare it with those 
rocks which we have described as stratified^ we shall notice a 
very great similarity of structure. The resemblance is so perfect 
in many cases, that it would be difficult to decide which was 
formed first. The legitimate inference is, that not only the rocks 
thus compared, but the whole class of strata which possess this 
structure, wherever they may be found on the surface of the earth, 
have been formed by the same agencies acnd by a similar pro- 
cess; that is, that their materials were brought by the agency 
of water from the then existing continents, and deposited in lay 
ers at the bottom of ancient seas and lakes ; that these strata have 
been hardened into solid rock, and, finally, that the strata have 
been broken and tilted up on their edges by a force acting from 
beneath, or by the agency of heat. The argument is based on 
the analogy between the present and the past changes in the 
crust of the globe. 

II. Character and Position of the Strata, — The character and 
position of these strata prove that a series of successive changes 
have taken place which require long periods of time. 

What is the basis of the argument by which the great age of the world it 
proved ? From what is the first argument derived f 
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The separate layers which constitute a formation in each of 
the geological epochs are, as we have seen, conformable to each 
other, but the formations themselves are often inclined or uncon- 
formable. The several groups, however, dhoays maintain the same 
uniform order of position. The Palaeozoic rocks in the United 
States, from the Potsdam sandstone, die base of the Silurian sy»- 
tcm, to the top of the coal-beds, are generally conformable to 
each other, but each of the separate formations always occupies 
the same relative position. 

The coal strata in England are often much inclined, and strata 
of sandstone lie directly across their edges. It is obvious, there- 
fore, that the coal-beds were deposited and tilted up before the 
sandstones were formed. The tertiary of the London and Paris 
basins is found in basin-shaped depressions of the chalk, and lies 
unconformably to it. In penetrating through their beds, we find 
London clay, plastic clay, chalk and green sand, and this order 
is never reversed wherever these rocks are found in junction on 
the surface of the earth. The tertiary is always above the cre- 
taceous, and never below it ; the cretaceous above the oolitic, 
the oolitic above the liassic, triassic, &c. The position of each 
group shows one uniform order of formation, and this indicates 
their relative age. 

This conclusion is*further sustained by the fact that the rocks 
in the higher groups are often composed in part of fragments of 
those in the lower groups. Thus the lower tertiary beds in the 
London and Paris basins are filled vnth pebbles of chalk. The 
new red sandstone of the Connecticut River valley is composed 
of the metamorphic Silurian rocks of Vermont. The conglome- 
rate rocks are composed entirely of materials derived from rocks 
which occupy a lower position, and examples of a similar char 
acter are found throughout the strata, all tending to show that 
the group which is lower in relative position has been formed pre- 
vious to the one which lies above it. 



What order is observed among the several formations? Give examples. 
By what is the relative age of the formations indicated? By what fact is 
this conclusion confirmed? 
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Observations on this subject have been conducted with the 
greatest care by the ablest geologists in Europe and in this coun- 
try, and this uniform order of arrangement ha^ been satisfactorily 
demonstrated. 

The position and composition, then, of the stratified rocks re- 
quire a series of successive changes in the materials of the earth's 
crust. This fact is fatal to the hypothesis which attributes the 
formation of the strata to sudden and simultaneous deposition 
from water or to the agency of deluges, for one group in many 
cases must not only have had time for its deposition, but also to 
be hardened into rock from the condition of fine sand or mud, 
then to be elevated and exposed to the agents of degradation be- 
fore the formation of succeeding groups could have commenced. 
Now when we consider the fact that two thirds of existing con- 
tinents are covered with stratified rocks to a depth of six to ten 
miles, when, from their structure, composition, and position, we 
are compelled to believe that their formation must have proceeded 
gradually, and in most cases in tranquil waters, we are furnished 
with a powerful argument in support of the proposition that the 
series of changes required for their deposition must have extend- 
ed through long periods of time, 

III. The relation of the unstratified or igneous rocks to the 
stratified strengthens the above conclusion. We have seen that 
the igneous rocks have penetrated the strata at different and dis- 
tant periods in eveiy direction, lifting them up, and plicatirig 
them in such manner as to prove a series of successive changes 
(see page 302). '' Each individual movement has contributed its 
share toward the final object of conducting the molten materials 
of an uninhabitable planet through long successions of change 
and of convulsive movements, to a tranquil state of equilibrium, 
in which it has become the convenient and delightful habitation 
of man, and of the multitudes of terrestrial creatures that are his 
fellow-tenants, of its actual surface."-— J^uc^Zandf. 

Where have observations been condacted, and with what resalt 7 To what 
faypothesifl are these fiicts opposed? What is the conolnsionf What oth«r 
fiu^ts confirm this conclusion f 
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J»ECTION n.— THE AMTIQUITY OF THE EARTH AS INFER 1U:D FROM THE RS 

MAINS OF ORGANIZED BEINOS. 

The character and position of the mineral masses which con- 
stitute the crust of the earth render the supposition of its having 
been molded into its present form in six days, or in 6000 years, 
in the highest degree improbable. 

But when we examine the remains of animals and plants, and 
notice their character and position, we derive an argument for 
the antiquity of the earth which is wholly unanswerable, while 
the opposite doctrine is rendered not only incredible but absurd. 
No honest mind can believe it, unless it is prepared to believe 
that the Deity has furnished us with reasoning powers for the 
purpose of deceiving us. 
:i^- I. The distribution and abundance of the remains of organiza- 
tion in the earth's crust evince a high antiquity of the earth. 

'We have seen that the remains of animals aqd of plants are 
found in all the stratified rocks from the base of the Silurian sys 
tem through all the successive deposits up to the present period 

Each group contains a peculiar tj/pe. The families and genera 
often extend through two or more formations, but the species are 
generally confined to a single geological peiiod. As the condi- 
tion of the earth was changed, and the old species died out, either 
new species of the same genera were introduced, or an entirely 
new race were brought upon the stage of life. 

In the older rocks, the Silurian, the animals and plants be- 
longed to the lower types of organization. The plants were 
mostly marine, and the moUusca, radiata, articulata, and a few 
fishes and reptUes were the only types of animal existence. 

As we rise in the series fishes are more* abundant, and reptiles 
make their appearance in greater numbers near the close of the 
PalsBozoic period. In the trias we have the first evidence of the 
existence of birds, in the numerous impressions of their feet upon 

"What is said of the argument derived firom the remains of organization 1 of 
the dirtribation of fossils 1 What types prevailed in the lower rocks 1 What 
changes are observed as we proceed from the earlier to the later geological 
times ^ When do reptiles make their appearance 1 birds t 



ANTiaUITT OV THE EARTH. 31] 

sandstones, as Chose of the Connecticut River valley. The sau- 
rian tribes, of singular and monstrous proportions, succeed the 
birds in the lias, and extend to the chalk. 

At the close of the cretaceous period the ancient races were 
all exterminated, and, with the commencement of the tertiary 
mammals, with hut three exceptions (page 235), were for the first 
time introduced. Cetaceans, pachydermata, and camivora, were 
the prevailing forms. They were allied to existing families, hut 
the species are all extinct. In this general distribution we may 
discover a succession of animal forms which were adapted to the 
condition of the mineral masses, and which, in their character, 
gradually become more and more allied to existing species. 

The same succession in the forms of vegetable life may be ob- 
served in the successive periods of the earth's history. 

As these fossil bodies are found in all parts of the rocky strata, 
they reveal to us the conditions of the earth when they existed 
as living creatures, and the changes by which they were entomb- 
ed in its rocky beds. Their character and position form the most 
perfect chronological charts by which to determine the great age 
of the world. 

/*~The abundance of these remains sets aside every hypothesis 
which would account for their existence by any other processes 
than those which we have described. *' It must appear almost 
incredible to those who have not minutely attended to natural 
phenomena, that the microscopic examination of a mass of rude 
and lifeless limestone should often disclose the curious fact that 
large proportions of its substance have once formed parts of liv- 
ing bodies. ' It is surprising to consider that the walls of our 
houses are sometimes composed of little else than comminuted 
shells, that were once the domicile of other animals at the bottom 
of ancient seas and lakes. It is marvelous that mankind should 
have gone on for so many centuries in ignorance of the fact which 
is now so fully demonstrated, that no small part of the present 
surface of the earth is derived from the remains of animals which 

When do saurians make their appearance t mammals T What successioa in 
the types of vegetable life f What is said of the abundance of these remains f 
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constituteG the v)opulation of ancient seas« Many extensive 
plains and massive mountains form, as it were, the great charnel* 
house of preceding generations, in which the petrified exuvia of 
extinct races of animals and plants are piled into stupendous 
monuments of the operations of life and death during almost im- 
measurable periods of past time." — BucJdand. 

II. But the argument for the antiquity of the earth, as inferred 
from the remains of organization, may be presented with greater 
distinctness by specific examples. TJ^ygg^t^Uos of the carbo- 
niferous period furnish the most convincing proof of the great 
age of the world. 

1. This evidence appears in the peculiar character of the veg- 
etation and present position of the fossil trees (p. 264), indicating a 
condition of the earth so unlike the present, that we are forced 
t() believe that a long period of time was consumed in their 
growth and deposition in the strata of the earth. Most of them 
are tropical plants, and yet they are buried in the rocks beneath 
the polar snows.* Their position often shows that they grew in 
the localities where they are found, and were not drifted from 
warmer climes. Large trees are found buried 1000 feet beneath 
the earth's surface, and geologically they are at the depth of sev- 

s^ral miles. How can their position be accounted for ] It is pos- 
sible that a few trees may have fallen into rents of the earth's 
crust produced by volcanic agency ; a larger number might have 
been submerged by a sinking down of the earth's crust during 
earthquakes, covered up, and then elevated again by the same 
force. /In these cases we should expect to find them of the same 
species with existing plants, but this is not the fact. The coal 

' plants are all extinct spedesm 

2. But when we examine the character and position of the coal- 
beds, and the extent of the coal-fields, such an hypothesis is wholly 

* Vegetables are found in the rocks as far nordi as BaflSn's Bay and Mel- 
ville Island, in latitade 75 degrees. 

What is said of the character of the vegetables of the carboniferoos period ff 
What does their position in the rocks show 7 How came they to be boried 
in the rocks 7 What hypothesis is suggested f 
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inadequate to explain the phenomena. The Derbyshire coal- 
field, in England, furnishes an example in point. Immediately 
under the coal are strata of shale from 300 to 600 feet in depth, 
then strata of the mill-stone grit filled with the remains of vege- 
tables. Above the grit are regular coal strata, consisting of sand- 
stones in thin sheets, iron stones containing numerous fossils, and 
soft argillaceous beds called slutle. Two strata contain fi-esh- 
water shells. The whole thickness is 3930 feet. The series in 
eludes thirty different strata of coal, varying from 6 inches to 11 
feet in thickness. The whole depth of the coal seams is 78 feet. 

The Scotch coal-field in some places consists of 10 beds, whose 
united thickness is 100 feet The South Welsh coal basin con- 
tains 23 beds of coal, whose total thickness is 93 feet. These 
fields extend over hundreds of square miles. 

But the largest coal-field in the world is in the United States. 
The great Appalachian coal formation extends over a portion of 
tbe States of Pennsylvania, Maryland, Virginia, Alabama, Ten- 
nessee, Kentucky, and Ohio. *' Its length from northeast to 
southwest is rather more than 720 miles, and its greatest width 
about 180 miles. Upon a moderate estimate, its superficial area 
amounts to 63,000 square miles." — H, D, Rogers, 

The coal strata consist of alternate layers of limestone, sand- 
stone, shales, and seams of coal, and are from a few hundred to 
three thousand feet in thickness. The coal itself appears to have 
been formed mostly from some peat-creating plant, which grew 
on extensive marshes upon the borders of the sea, as veiy few 
large trees are found in the coal-beds, although their leaves and 
branches are so numerous as to lead to the inference that extens- 
ive forests flourished upon the margins of those *' vast marine 
savannahs.'' 

Now the quantity of coal in all the coal-fields in the world has 
been estimated at five thousand billions of tons, and this immense 

What ohjecfions to this hypothesis? What examples are mentioned f 
What do these examples prove ? What is said of the extent of the Appalap 
chian coal-field? of the character of coal ? What estimate has been made of 
the quantity of coal in the world f 

O 
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quantity of carbon must have been abstracted from the atmos- 
phere by the process of vegetation, for by microscopical examina- 
tions of thin slices of coal the vegetable structure has been so 
distinctly seen, that in many case^ the families and species of 
plants which formed the coal have been determined. 
«^ ' The vegetables, then, for each of the 30 or 60 seams in the 
several coal-fields, must have had time to grow, just as plants grow 
at the present day — t^is is proved by tfae c oncentr ic rings of an- 
nual increase — time to be torn away by storms and sea- waves, 
produced, no doubt, by earthquake-pulsations, which elevated and 
platted the strata, and brought the sea ooze or mud over the peat 
marshes ; there must have been time for the vegetable matter thus 
covered with mud to be carbonized (which is a slow process), and 
after each bed was thus slowly formed, there must have been 
time for the whole to have been broken up and elevated by vol- 
canic agency to its present position. Considering the character 
of the coal strata and the extent of the coal-fields, is it possible to 
believe that all has been deposited since the creation of man ? 

It should be observed that, above the coal strata, the remains 
of vegetables exist in all the rocks, but most of the species are 
different from those of the coal period, ^n the tertiary beds of 
Germany are found extensive beds of brown coal, containing 
trees from 9 to 13 feet in diameter, in one of which there were 
counted 792 rings of annual increase." The tree must have re- 
quired nearly eight centuries for its grov^h, and afterward con- 
verted into coal. 

But if any are disposed to doubt the evidence of antiquity de- 
rived from these fossil bodies, let them go to Senegal, in Africa, 
and examine the baobab-tree {Adansonia digitata), which is 30 
feet in diameter, and has been estimated by the concentric ring!i 
of annual increase, to be five thousand one hundred and fifly 
years old ; and, if they are still in doubt, let them visit Central 

Whence has the coal been derived f What proof of this 7 Mention the 
changes to which the coal strata must have been subjected. What is the con 
elusion from this examination? In what other rocks are the remains of veg* 
•tables found 1 What is said of the size and age of existing trees f 
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America, and notice the celebrated Toxodium, of Cfaapultepec 
which is 117 feet in circumference, and has been estimated by 
De CandoUe to be still more aged. Professor Henslow estimates 
its longevity from 4000 to 6000 years. Then reflect that these 
antediluvian trees, that flourished in the days of the patriarchs — 
that were a (housand years old when Noah was born — that were 
cotemporary with our First Parents — reflect that these vener- 
able trees stand upon the loose soils which overlie all the pre- 
ceding geological formations with their organic contents. The 
soil was formed there before the trees were planted, and, before 
the soil was formed, the entire series of rocks were deposited, 
and similar trees, in countless numbers, had their long periods of 
growth and decay. 

III. We might, if our limits would permit, bring many specific . ji 
examples of the character and position of the fossil animals, 
which would fully confirm the truth of the proposition we are 
considering. Few are aware of the immense numbers and of 
the peculiar character of the animal remains which modern re 
searches have brought to light. Their existence in the rocks is 
of itself ample demonstration of a higher antiquity than is gener- 
ally assigned to the earth. 

The earliest animals were principally radiata, moUusca, and 
fishes. They prevailed almost exclusively until near the close 
of the carboniferous period, when we find the first evidence of th6 
existence of reptiles. Throughout the Falssozoic deposits, their 
remains form a considerable portion of many strata of rocks. 

With the triassic period birds were, for the first time, intro- 
duced, and reptiles became more numerous. The evidence of 
the existence of these animals is presented to us by their tracks 
and foecal remains. These have already been described. Their 
distribution through the strata, their gigantic dimensions, indi- 
cate not only conditions of the earth unlike the present, but vast 
penods of time during which they flourished. Having left the 

What changes occurred before those trees existed 7 What is said of tho 
character and abondanca of animal remains f What was the character of the 
<«rliest animals f 
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indisputable marks of their existence in the rocks, tkey were, at 
the close of thb period, all exterminated, and were succeeded in 
the next group by lizards, saurians, and tortoises. 

From the commencement of the liassic down to the close of 
the cretaceous period, we find some of the most extraordinary 
organic forms which have ever existed ; so unlike to preceding 
types, and to those that succeeded, as to impress upon us the 
belief of a peculiar condition of the earth's surface during the 
period of their existence. The remains of huge saurians, of gi- 
gantic reptiles, and of flying lizards, are distributed through stra- 
ta more dian 4000 feet in thickness, and are associated with in- 
numerable generations of other inhabitants that ** swam in the 
waters or basked on the shores of the pnmeval lakes and seas." 
But, in one of those successive changes which had swept away 
preceding races, they in turn were all destroyed, and were suc- 
ceeded by entirely new and distinct types of animals more nearly 
related to existing races. 

During the tertiary period the land quadrupeds {Mammalia) 
were introduced in great numbers, and continued to flourish 
down to the close of the Pleistocene, when the species were_ 
mostly destroyed. 

Last of all, in the most recent deposits are found the remains 
of man and his cotemporary races ; and the fact that human rel- 
ics are not found lower in the rocks is positive proof that all those 
other races lived and passed away previous to the appearance of 
man on earth. 

It appears, then, as the result of geological investigations, that 
innumerable generations of organized beings have peopled the 
earth during its past history. In such countless numbers, in such 
infinite variety, in such great abundance are their remains stored 
in the rocky strata, forming almost the entire soil on which we 
tread, that we may properly inquire with Young for the " dust 
that has not been alive ;*' but it is impossible to believe that they 
have all lived within the last 6000 years. 

What typea sacceeded the earliest animals ? What is the evidence which 
the soccessive races famish of long periods of time 1 What conclosioB is drawn 
Bx)m th« •xaminaticn of animal Tema\nA^ 
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SECTION IIL— ANTIQUITY OP THE EARTH AS INFERRED FROM THP. MUTUAL 
RELATIONS OF THE ORGANIC AND IffORGANIC PORTIONS OF THE EARTH'S 
CRUST. 

If now we combine the two branches of this argument, viz., 
that derived from the remains of organic beings, and that from 
the structure and position of the rocks, and notice the changes 
which must have been effected by the three agents, water, fire, 
and vitality, we can not fail to perceive that the physical evidence 
of the great age of the world is perfectly conclusive. These re- 
lations have been partially presented in the preceding sections. 
Let us select a few examples. 

I. In Auvergne, in central France, there occur a series of the 
older tertiary deposits, which of themselves appear to settle the 
question of the age of the world. This district embraces an area 
of 1600 square miles (see page 194). It consists of a great basin 
filled with fresh-water limestones, sandstones, clays, marls, and 
volcanic products, to the depth of from 700 to 1000 feet. The 
strata rest on the primitive rocks, which must have been elevated 
from the bed of the primeval ocean, forming large fresh-water 
lakes, before the tertiary deposits could have commenced. 

In some places the limestones and marls alternate with each 
other. The marls consist of thin leaves about the thickness of 
paper. Each leaf contains multitudes of the crustaceous cover- 
ings of the cypris and of small shells. 

The cypris moults its shell annually, and, as the coverings fall 
down upon the bottom of the lake, they are covered with mud, 
and become cemented into sheets. Each marl leaf was then just 
one year in forming. The leaves are not more than ^'y^^ ^^ *^ 
inch in thickness. For the deposition, then, of one inch, it re- 
quired 20 years ; for one foot, 240 years. Now the vertical thick 
ness of the marl strata is from 6Q to 100 feet, and this would re- 
quire from 14,000 to 24,000 years ! The other deposits were 

• 

In what way is the argument for the antiquity of the earth presented in sec* 
tion third ? What facts in Auvergne evince a high antiquity of the earth t 
Describe the manner in which the marl beds were formed. How long a tinM 
if required to form them 7 
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not, probably, formed in a more rapid. manner than the marls as 
they are filled with the remaixM of innumerable shell-fishes, and 
the bones of land quadrupeds. 

In the upper beds are found strata of volcanic ashes, which in- 
dicate the commencement of the volcanic period of this region, 
during which more than 60 volcanic mountains were built up, 
and now remain with their craters several hundred feet in depth. 
The lava currents are easily traced from their vents in different 
directions, passing across the streams, forming new systems of 
lakes, and changing the whole face of the country. 

During this period the mastodon, the elephant, and large her- 
bifera were created, and inhabited the neighboring land. They 
were covered up by showers of volcanic ashes and lava streams, 
or drifted into the lakes, where their bones are preserved in a 
state of great perfection. After a long period, the volcanoes 
cease their activity, and the new lakes are filled with fresh- water 
deposits. Bears, hyenas, and various carnivorous tribes are asso- 
ciated with the mastodon and elephant, and, finally, these are all 
exterminated, and the existing races succeeded. If now we es- 
timate these changes by the present operation of natural laws, it 
must have required millions of years for them to have taken 
place. 

II. But in other parts of the earth, as in the north of Italy and 
Geimany, extensive deposits occur which are more recent than 
the marls of Auvergne ; and if we examine parts of Sicily south 
of JEtna, we shall notice strata, 2000 feet in thickness, still more 
recent. These rocks are so filled with shell-fishes as to show 
that the whole was beneath the sea during their formation, and 
that the island was not elevated until the last shell was deposit- 
ed. If now we pass to iEtna, we may notice that the whole 
mountain, which is ninety miles in circumference, and eleven 
thousand feet in height, has been sent up since the deposits south 

What other changes occarred in the marl beds ? What animals existed T 
What has become of them ? What other deposits of this period are referred 
to as indicating long periods of time ? What is said of iEtna, and what proof 
of antiqaity derived from its character and histoiy 7 
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of the mountain were formed. And yet the mountain has a ven- 
erable age. It has existed nearly as at the present time since 
history gives us any account of it. But *' of the eighty most con- 
spicuous cones which adorn its flanks, only one of the largest, 
Monti Rossi, has been produced since the times of authentic his- 
tory."r — hyelL If we were to remove these cones, it would but 
slightly diminish the height of the mountain, and we should doubt- 
less find a similar series of cones beneath. If, then, but one cone 
has been formed within a period of 2000 years-f— if, on this sup- 
position, 1,600, 000 years were consumed in the formation of the 
80 cones — who will undertake to measure the time wh^ch trans- 
pired during the formation of the whole mountain 1-^.^* 

III. Passing from the tertiary group to the older formations, we 
find first the chalk, which is about 1000 feet in depth, and is com- 
posed of small shells and corals ; these must have been formed 
by animals previous to their deposition in regular strata. Under 
the chalk are beds of green sand 480 feet in depth, and, having 
penetrated through these, we come to the Wealden, 900 feet in 
vertical depth. The latter is a fresh-water deposit, liying be- 
tween strata which were formed beneath salt water. In this 
group we notice the remains of whole forests, the trees standing 
in the position in which they grew, as in the " Portland dirt bed." 
Here the land must have been above the water a sufficient time 
for trees to grow two, three, and four feet in diameter, then to 
have been submerged, and upon it all the other groups deposited, 
and, finally, the whole must have been elevated to its present 
position several hundred feet above the level of the sea. 

IV. If any still doubt the great age of the world, let them pen- 
etrate still deeper into the oolitic and liassic groups, nearly 3000 
feet through series of strata filled with the remains of saurians, 
pterodactyls, and huge iguanodons, and in the same manner con- 
tinue their observations through the triassic system to the depth 
of 1500 feet, and become acquainted vdth the gigantic frogs and 
birds that left their footprints on the now. hafd^pod «3p/iflf,Q)nfip 

What is the argument derived from the cretaceous rocks 7 the Wealden f 
the oolitic and liassic formations ? the red sandstone t 
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'^ Solving a problem, 
Man neyer has to leare a trace on earth 
Too deep for time and fate to wear away.^ 

Thence proceed to the coal-beds and view the ancient foresis 
which supplied the materials for fossil coal, 10,000 feet deeper; 
thence downward three miles to the base of the Potsdam sand- 
stone, until all traces of organization disappear, from which point 
they may descend to unknown depths, until they reach the orig 
inal igneous rocks and the internal fires. And if these observa 
tions do not convince them, then leave all these stupendous mon 
uments of antiquity, and come down to modem times, to the for 
mation of terraced valleys and coral islands, processes which are 
now in progress, and not, therefore, liable to deceive them. 

V. The terraces upon the river valleys have evidently resulted 
from the erosive action of the rivers by which their beds have 
been lowered. Three terraces or more often occur one above the 
other. Cities have been built upon the lowest of these terraces 
for more than 2000 years, during which period the action of the 
streams has not lowered their bottoms but a few feet or inches. 
The time required for rivers thus to lower their beds 40, 50, and 
60 feet, must have been more than 6000 or 10,000 years. In 
many places the streams have cut through rocks to a great depth, 
as the Niagara River, which also proves that the action must have 
been long continued. 

VI. Many of the coral islands indicate very long periods of 
time. We have described (p. 78) the manner in which these 
islands have been formed. Their exact rate of increase is not 
known, but, from all the observations which have been made, it 
is exceedingly slow. 

Ehrenberg, who has examined the corals of the Red Sea, 
doubts whether channels and harbors have been filled by these 
animals during the historical period. The single corals which 
he saw of a globular form, and about nine feet in diameter, he 

What IS the argument derived from the coal and rocks below 7 What evi- 
dence is famished by terraces and channels 7 What eridenco of age do the 
coral islands famish f 
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supposes might have been seen by Pharaoh in nearly the same 
state as at present. If they increased half an inch in a year, it 
would take 6000 years to build a reef 250 feet in height ; but many 
of them are much thicker, for outside of the reef the waters be- 
come suddenly very deep, ^* no soundings having been obtained 
at the depth of 150 fathoms," even in the channels which lead into 
the lagoons. 

VII. Each of the several groups of rocks which form the crust 
of the earth affords ample proof of the great age of the world; but 
when we take into view the whole series of changes, organic and 
inorganic, the argument for the antiquity of the world is so per- 
fectly overwhelming, that those who have carefully attended to 
the evidence on which it is based are not only convinced of its 
truth, but are unable to express by numbers the long periods 
which must have passed since the first creation. The exact age 
of the world can not be determined ; but, to aid our conceptions, 
we may perhaps be allowed to make a few numerical calculations. 
These estimates must be based upon the rate at which rocks are 
now forming in lakes and seas. The observations on this subject 
are few, but it is said that the lakes of Scotland have shoaled 
about a foot in two hundred years, and that the mud which the 
rivers transport would not more than raise the general floor of the 
ocean one foot in a thousand years. On this basis, if we take the 
estimated depth of the Silurian rocks (p. 121) at 8700 feet, their 
deposition would require a period of 8,700,000 years. The old 
red sandstone, or Devonian system, estimated at 10,000 feet, 
would consume 10,000,000 years. The carboniferous system is 
estimated also at 10,000 feet, and, regarding the deposits as made 
in lakes, they would require 2,000,000 years. 
The Permean system (oceanic) 800 feet . . 800,000 years. 
" Triassic " " 900 " . . 900,000 " 

" Liassic " " 700 " . . 700,000 '* 

" Oolitic " " 1400 " . .1,400,000 " 

What effect is produced npon those who carefully examine the evidences 
o^ age ? Can the exact age of the world be deternained 7 In what way may 
enr conceptioiia be aided f Upon what must the esttmates be based t 
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^en system (lake dep.) 900 feet . 180,000 yeans. 

^aceoQS «* (oceanic) 1480 " . 1,480,000 

f ertiary " (lake dep.) 3500 " . 700,000 

\^^ jHie average thickness of the whole strata has been estimated 

at 10 miles. On this supposition it would require, at the present 

rate of lake deposits, 12,560,000 years; but if the rate of oceanic 

deposits is taken as a standard of comparison, they must have 

occupied a period of ^,^,Q22. years ! 

These estimates may serve to give us some definite impression 
of the great age of the world, and yet it is evident that they do 
vast injustice to the antiquity of our venerable planet. Astrono- 
mers tell us that the telescope reveals the existence of stars so 
deeply sunk in space, that light moving at the rate of twelve mil- 
lion of miles in one minute would be half a million of years in 
reaching the earth, and if these stars were blotted from the face 
of the heavens they would be seen for half a million of years 
to comoa. J It is not improbable, therefore, that our earth, the 
whole universe around us, is many million times older than 
would be inferred by these calculations^} 

At what point in the past eternity this mighty system was called 
into being we can not determine, nor can we know, whether at 
any time in the future it may be blotted out. 

We should infer, howef er, from the history of the past, thai 
r'lr earth is destined to pass through other changes which will 
( A^eep away the existing races, and, if man be not the highest 
possible type of physical existence, that the renovated earth will 
be peopled by new and more wonderful forms of organic beings, 
who will be endowed with more exalted, intellectual, and moral 
powers. 

How rapidly do rocks form in lakes? in the ocean? On these data, what 
length of time was occupied in the deposition of the several classes of rocks f 
How long time for the whole class of stratified rocks? Do these estimates 
truly represent the actual age of the world ? From the history of the past, 
what changes are to he expected ? 
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SECTION IV.— OBJECTIONS TO THE ANTiaUITY OF THE EARTH CONSIDERED 

I. In order to set aside the evidence which the rocks afford of 
the great age of the world, it has been urged that the agents of 
nature may have operated with much greater energy in the ear- 
lier than in the later periods of the earth's history ; and that the 
strata, with their imbedded fossils, were produced between Adam 
and Noah, and chiefly by the waters of the deluge. 

This hypothesis requires so great activity of the agents con 
cemed in the production of animals and plants, as well as of those 
by which the rocks were formed, that there are no analogies 
founded upon the present operation of physical laws to sustain 
it. The only question is, whether there are good and substan- 
tial reasons against it. From the many reasons which oppose 
this theory, a few only are needed. 

1. Many of the fossil trees have the concentric rings of annual 
growth, and these yearly additions are not thicker than those in 
the trees of existing forests ; but if vegetation grew previous to 
the flood at a rate which the hypothesis requires, we ought to 
find some evidence of it in their structure ; for if all the plants 
in the earth's crust grew and were inhumed between Adam and 
the close of the deluge, the antediluvian vegetation must have 
grown, according to the preceding estimates (page 322), 7.602 
times as rapidly as the plants of our own era. 

2. The same must have been true of animals ; but we have the 
most convincing evidence in the structure of animal relics that 
their grovirth was not increased at a rate required by this hy- 
pothesis. 

3. The character and position of the rocks demonstrate that 
the laws which governed their formation did not essentially difler 
in activity from their present rate. But in case the rocky beds 
were deposited by the Noachian deluge, we should be under 
the necessity of believing that the agents of change operated dur- 
ing the year of the flood 52,800,000 times as powerfully as at 

What hypothesis has been suggested to set aside the evidence of the antiqui- 
ty of -the earth 7 What is said of this hypothesis? What reasons against it 
derived from the plants? from the animals? from the rocks? 
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present ; and, even if we allow the whole time from Adam to 
Noah (1650 years), then the agents must have exceeded 32,000 
tiroes their present activity. This would produce a state of agi- 
tation sufficient, we should suppose, to preclude the existence of 
animals on the earth's surface. 

4. But suppose that this is not a correct view of the case, and 
that animals and plants could have flourished ; if it is maintained 
that any considerahle portion of the changes which the rocks in- 
dicate took place before the flood, as the growth of animals and 
plants, then the antediluvians must at least have had rather tur- 
bulent times, and, as frogs grew as large as elephants, men would 
doubtless have attained to a colossal magnitude, '' giants indeed 
in those days." We would suggest, however, to the believer in 
the hypothesis, why some of those giants' bones have not been 
found buried with his cotemporaries in the rocks ] 

There are about 30,000 fossil species found in the rocks, and 
only a few, in the upper beds, identical with those that exist at 
the present day. What has become of the remains of man and 
the animals which now inhabit the earth 1 Was there a new 
creation after the flood? If man existed during the deposition 
of the tertiary and secondary rocks, we might reasonably expect 
to And some evidence of it ; some cities or implements of hus- 
bandry would have been preserved. It is reasonable to conclude 
that the human skeleton would be as durable as the bones of 
other animals, or the delicate leaves of plants ; but no such re- 
mains have been found below the alluvial deposits. This fact ap- 
pears to settle the question ; for if the waters of the Noachian 
deluge had been continued sufficiently long to have deposited 
the stratified rocks, the simple fact that the bones of man are not 
associated with the fossil races is of itself a perfect confutation of 
the hypothesis under consideration. For a fuller discussion of 
this subject the student is referred to Hitchcock's Religion of 
Geology, which is the most able work on the connection of sci- 
ence and revelation which has hitherto appeared. 

What reasons against this hypothesis derived from the absence of the bonet 
•f man? 
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11. In order to account for the present tippearances in the 
earth's crust, it has been suggested that the laws of nature were 
altered after the fall of our First Parents. This hypothesis does 
not differ essentially from the preceding, so far as it depends upon 
natural laws, but simply assigns a reason for the supposed alter- 
ation. But we find no evidence either in the Bible or in the 
rocks of such a change. The character of the fossils proves that 
no such change has taken place since the commencement of or 
ganized life. 

^ III. The last hypothesis which we will notice supposes that 
the rocks, with all their imbedded fossils, were created exactly 
as we find them by the direct power of God. 

A naturalist who is ignorant of geological doctrines commences 
an examination of the rocks, and is surprised to find the remains 
of several thousand species of animals and plants different from 
those which exist upon the earth's surface. He finds them im- 
bedded in rocks to the depth of several miles, and preserved in 
such perfection that he is able to assign them their position in the 
grand scale of organization. He inquires of a believer in the 
above hypothesis how these relics became buried so deeply in 
the solid rocks. The answer is, ** They were created there ;" 
" the earth was so made ;" for he is told, " It is evident that when 
God made trees he would make them with the concentric rings 
of annual growth, so that they might appear to be several hund- 
red years old on the day of their creation. The same principle 
applies to the making of worlds." '' He made the earth as it 
would have appeared if it had existed millions of years.'' " The 
fossils and rocky strata are but types of what is now in progress." 
Would such an explanation satisfy any reasonable mind 1 

We would not doubt the power of God to form the earth in 
accordance with the above hypothesis ; but what he has done and 
what he has power to do are quite different propositions. 

If the Deity formed in the rocks types of the animals which 
were afterward to inhabit the earth, why did he not give us a 

What is the second hypothesis, and what objections to it are mentionad ? 
the last hypothesis 7 How is this hypothesis answered f 
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type of man 1 There are types of elephants, bears, whales, birds, 
monkeys, shell-fishes, and even insects and worms; why not a 
type of the human species 1 It is at least impossible to conceive 
of the reason unless the inventor of the hypothesis considers the 
monkey tribe as the proper type ; and if so, it would seem that, 
with regard to some of the race, the type has not been greatly 
improved upon ; for we can not conceive how any rational mind 
can give its assent to an hypothesis so purely fanciful as this. 
And yet, as it is the most plausible of any, we will proceed se- 
riously to develop its logical and philoisophical bearings. 

As the hypothesis sets aside all secondary agents and laws, we 
have nothing to guide us in the present order of nature. In at- 
tempting to refute it, therefore, we can only appeal to analogies, 
and inquire whether such a view is consistent with what we 
know of the ways of the Divine Being 1 whether, in entertaining 
the hypothesis, we must not adopt principles which will subvert 
all reasoning on subjects which are not the immediate objects of 
personal observation 1 

The hypothesis is based on the assumption that the uniform 
course of nature must be set aside so far as to allow of a begin- 
ning — a time when natural laws were established — so that with 
regard to the original production of man and other animals, the 
analogy of present laws is of no logical force. This doctrine we 
fully admit, for we have positive proof that organic beings were 
first created by the direct power of God. But all the processes 
and la^s of nature are not primary institutions, but many of 
them result from those that are. It is an axiom in reasoning that 
each law must be regarded as having been the same in all past 
time, unless there are good reasons for the contrary belief. Thus, 
for example, it is a uniform law that animals and plants are pre- 
ceded by similar animals and plants. How do we know that 
this has not always been the case ? We know that it has not, 
first, from the evidences of design and of a designer, which are 

What does this hypothesis set aside 7 upon what is it based 7 What is the 
present law in respect to the origin of animals? Has this law ever been dif> 
f fcrent 7 What reason for it 7 
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not accounted for by tracing the series backward even to infinity 
and, secondly, from a revelation which particularly describes the 
creation of man and the present races of animals and plants. By 
the first reason we settle it as a fact that this unifoi*m law of par- 
entage must have commenced in some period of the past, and 
by the second reason the time for the present races is assigned. 
We can not, therefore, affirm that every animal was preceded by 
one of its kind ; there is one case, at least, in which the present 
order can not be made the basis of reasoning. 

Are there the same or similar reasons for setting aside the 
present order of nature in our reasonings upon the formation of 
the rocks, and of the remains of animals and plants which they 
contain ? It is now a uniform law that the bones of men and 
other animals belong to living beings before they are entombed 
in the earth. Is there any reason to believe that this law has 
ever been different ] It is obvious that there is no necessity in 
the case, for the creation of living animals and plants will per- 
fectly account for their existence in the rocks, and we have no 
historical record or revelation of any kind that in any way im 
plies that such relics were created as we find them. 

The admitted fact, then, that the ordinary course of nature in 
the production of organic beings must be set aside both by the 
necessity of a first creation and by revelation, can not be urged 
either logically or philosophically to dispense with the law in re- 
spect to the fossil races, because the creation of living beings fully 
accounts for the existence of their remains in the rocks. 

On the other hand, we may urge the analogy of the present 
system of nature to prove that the fossil species were first created 
as living beings. 

The true state of the argument is this : In the rocks which aie 
now forming we find the remains of man and other relics of or- 
ganization. We know that they once formed parts of living be- 
ings. We next inquire when the latter were first introduced, 

Are there Bimilar reasons for setting aside the law of the fossil bodies 7 Why 
not? What analogy may be urged to prove that the fossils once belonged to 
living beings? 
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and find a revelation which fixes the time to be about 6000 yean 
since. Beneath these relics, deeper in the rocks, are found the 
remains of a different series of animals and plants, such as have 
no living representatives, and we infer that these also were once 
in a living state, although we have no account of their creation ; 
but we infer it from the necessity of the case, and from the fact 
that revelation has given us an account of the creation of one race 
which we know exist as living beings before they are buried in 
the earth. 

The analogy, then, of the creation hefore the inhumation of ex- 
isting races may be urged in proof of the creation and subsequent 
deposition in the rocks of all preceding races ; in other words, 
it is logically inferred from the present law of the creation of an- 
imals and plants before their inhumation in the rocks, that the 
fossil races not derived from existing species were created as 
living creatures before they were buried in the earth's crust; 
hence they were not created as we find them. 

We have presented this argument in different forms, because 
it has been so firequently and boastfully said that " the reasonings 
of geologists are destitute of sound logic." " The earth may 
have been created so, and therefore no man can prove that it was 
not." ** The most that can be said is that the antiquity of the 
earth is somewhat probable !" 

We will not attempt to confute this hypothesis further by di- 
rect argument, but will allow the believers in it the full benefit 
of their logic. 

/ The mode of reasoning which the hypothesis adopts would en 
able us to arrest all inquiries and settle all difficulties in respect 
to the whole history of the past with the same facility with which 
it enables us to solve geological problems. The Pyramids and 
mummies of Egypt, the ruins of Pompeii and of Rome, the cities 
of Central America, can not be proved to have been the works 
of man, or to have been built at all, because " they might have 
been created so." They are merely types of what is now in 

What would be the result of adopting the mode of reaaoning whicl^ the hj- 
pothena requires? 
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pvogress. But suppose we have histories of their origin and de* 
cay, ought we not also to have types of histories ] It is vast- 
ly more reasonable to believe that all things whose origin we 
did not see — cities, works of art, and men — were created just as 
they now appear, than to believe that the remains of animals and 
plants were created deep in the crust of the earth ; for we can 
see some object in giving existence to living beings, but what 
possible reason can be assigned for the creation of' comminuted 
shells, bones of land quadrupeds, saurians, lizards, and croco- 
diles, in a more or less petrified condition ; some of the bones 
appearing as if they had been fractured and then grown together 
during the life of the animal 1 It is infinitely more reasonable to 
believe that all we behold is no evidence of creative power, than 
to believe that such power has been exerted in the manner re- 
quired by the hypothesis. 
Jf^^In the language of a distinguished cultivator of science, Pro- 
/ ^fessor Silliman, **The man who can believe that the iguanodon, 
with his gigantic form of [30] feet in length, [5] in breadth, and ■ 
15 in girth, was created in the midst of consolidated sandstones, ; 
and plal>ed down one thousand or twelve hundred ,feet from the 
8ui*face of the earth, in a rock composed of ruins and fragments, 
and containing vegetables, shell-fish, and rounded pebbles, such 
a man can believe any thing, either with or without evidence.) 
He must be lefb to his own reflections, since he can not be reach- 
ed by sound argument ; with such men discussion is useless, for 
the foundation of all conviction or persuasion is removedyj 

Let us then banish such fancies from the works of drod, and 
with our Bibles in our hands meet this question of the antiquity 
of the earth, and show, by comparing record with record, that 
both may be received, because both proceed from the same great 
fountain of light and truth. 
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CHAPTER XI. 

CONNECTION OF GEOLOGY WITH NATURAL THEOLOGY AND 

WITH REVELATION. 

Hayino presented the physical evidence of the antiquity of the 
earth, there are two other subjects which are so intimately con- 
nected with the doctrines of geology, that a brief discussion of 
them seems necessary to the completeness of the present work. 
These subjects are the evidences furnished by geology for the 
existence and attributes of God, and the apparent discrepancies 
between the records of geology and the Mosaic history. 

SECTION L— GEOLOGY AND NATURAL THEOLOGY. 

The evidence furnished by geology in proof of the existence 
and attributes of God, is the same in kind with that furnished 
by the earth and its inhabitants at the present time. The same 
evidences oi design, and therefore of a designer, meet us in every 
period of geological history. 

But most of the arguments derived from the existing condition 
of the earth are greatly extended, and their truth more variously 
and fully confirmed. 

I. The changes to which the earth has been subjected require 
the exertion of infinite Power. 

This is seen in the frequent changes of sea and land, the long- 
continued action of aqueous and igneous forces by which the 
earth has been molded into its present form, but more especially 
in the creation and distribution of many distinct races of organic 
beings. We can trace the remains of organization in the rocks 
of the earth's surface, until we reach a period of its history when 
the condition of its mineral masses precluded the existence of 

What two sabjects are discossod in this chapter ? What is the nature of the 
evidence famished bj geology in proof of the existence and attributes of God t 
What evidences that organic beings had a beginning? 
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life. This fact entirely sets aside the hypothesis of *' an eternal 
succession of animals and plants.'* They had a beginning, and 
this required creative power. 

This power has been exerted at successive periods, as is shown 
by the new families which have from time to time been inti'o- 
duced ; and hence the records of geology furnish numerous ad- 
ditional examples of the exertion of creative power, which greatly 
enlarge our ideas of the extent of this attribute of the Divine 
Being. 

II. The structure and adaptation of the successive races of or- 
ganic beings which have peopled the earth during its past his- 
tory to the conditions of its surface show that power was guided 
by intelligence and wisdom. 

The evidence of this appears in the anatomical structure and 
habits of the particular types of organization which prevailed 
during each of the geological periods. Every change in the 
mineral masses, in the climate and surface of the earth, was at- 
tended by corresponding changes in the animal and vegetable 
races. Previous to the coal period, the atmosphere was so 
charged with carbonic acid as to preclude the existence of air- 
breathing animals, and to favor a luxuriant tropical vegetation. 
Immediately afker the coal-beds were deposited, the atmosphere 
became deprived of a large portion of its carbon, and birds are 
for the first time introduced. During the succeeding periods, 
down to the tertiary, the condition of the earth was fitted to rep- 
tiles, and they were the prevailing forms of life. At the com- 
mencement of the tertiary the surface had become suited to land 
quadrupeds, and they are then introduced. 

III. In all the varieties of form and structure in the organic 
and inorganic kingdoms of nature there b ^er£eti unity of design 
From the earliest geological times to the present period the 
same physical and vital laws have prevailed. The rocks of every 
period show, by their composition, structure, and physical prop- 
erties, that they were under the influence of the same atomic, 

What proof is this of power 7 What eyidence does geology furoish of intel- 
ligence and wisdom 7 What of the anity of God f 
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chemical, and electrical attractions, the same gravitating forces 
as at present. 

The four great divisions of the animal, and the prevailing types 
of the vegetable kingdoms, were established at the commence- 
ment of organic life, and amid great variety of form and struc- 
ture, in successive periods, the general plan is always preserved. 
The laws of anatomy and physiology are ever the same. Each 
group of rocks, and each family of animals- and plants, have an 
intimate and fixed relation. One uniform plan, the same great 
thoughi of the divine mind, pervades the whole. Each served its 
appropriate end, and contributed to the final result of preparing 
the earth to become the fit habitation of intellectual and moral 
beings. 

The unity of the divine intelligence, as evinced in the character 
of the fossil races, is most forcibly presented by Dr. Bucklahd in 
his Bridge water Treatise. ** There is," says he, " such a never- 
failing identity in the fundamental principles of their construc- 
tion, and such uniform adoption of analogous means to produce 
various ends, with so much only of departure from one common 
type of mechanism as was requisite to adapt each instrument to 
its own especial function, and to fit each species to its peculiar 
place and ofiice in the scale of created beings, that we can scarce- 
ly fail to acknowledge in all these facts a demonstration of the 
unity of the intelligence in which such transcendent harmony 
originated ; and we may almost dare to assert that neither athe- 
ism nor polytheism would ever have found acceptance in the 
world had the evidences of high intelligence and unity of design 
which have been disclosed by modem discoveries in physical 
science been fully known to the authors or abettors of systems to 
which they are so diametrically opposed. It is the same hand- 
writing that we read, the same system and contrivance that we 
trace, the same unity of object and relation to final causes which 
we see maintained throughout, and constantly proclaiming the 
unity of the great divine original." 

IV. In all periods of the earth's history, the power, wisdom, and 
unity of the Divine Being have .always been attended with he^ 
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nevolence, th^t is, with the design of imparting happiness to living 
creatures, and to make provision for higher developments of the 
divine goodness in the fature heings which were to he introduced. 

The changes which preceded the first animals had direct ref- 
erence to their enjoyment. They were adapted in form and 
hahits to the condition of the mineral masses. The successive 
sedimentary deposits, and the convulsions which have thrown 
the surface into ridges, mingling those ingredients which were 
necessary to support vegetable life, contributed each to increase 
the aggregate of animal enjoyment. The introduction of car- 
nivorous races even had the same tendency, by restraining a too 
excessive multiplication of any particular species, and by pre- 
venting the miseries connected with the infirmities of age and 
of a natural death. 

• But we see more particularly the Divine benevolence in those 
provisions which were made for the benefit of man ages before 
his appearance on earth. 

These are seen in the prolific vegetation of the carboniferous 
period during which the materials for fossil coal were |)reparing, 
were stored up in the rocks, and; through the long ages that suc- 
ceeded, were gradually wrought into their present condition, so 
that when the earth should be disrobed of its forests, man should 
have his wants supplied from these ancient stores of vegetation, 
and be reminded constantly of the prospective benevolence of 
the Creator. 

The mines of valuable ores and minerals, in their distribution 
and abundance, are examples of the same benevolent provision. 

The whole series of volcanic and aqueous agencies by which 
the primitive materials have been molded into their present 
forms, giving rise to that almost infinite variety of scenery which 
the surface of the earth presents, and of productions to which it 
has thus been fitted, evince foresight and benevolence in the 
Creator which challenges our profound gratitude and love. It is 
true that the past as well as the present condition of the earth 

Mention the seyeral facts which prove the benevolence of the DeitjT 
What instances oi prospective benevolence f 
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has been such that the Divine benevolence has been obscured ; 
good and evil have been mingled in the development of the Di- 
vine plan, but benevolence prevails in all, and if v^e were able to 
look through the whole system, pain and apparent evil would no 
doubt be seen to result directly from infinite goodness. 

In addition to what was absolutely necessary to maintain the 
existence of man and other animals, there is much that is in- 
tended to gratify his taste and regale his senses. The scenery 
of the earth, its varied surface of mou&tains and valleys, its rivers 
and oceans, its ever- changing views, its gorgeous colorings, these 
are ever filling the soul with grateful emotions. The thousand 
voices of the earth, its wonderful harmonies, its silences even, all 
tend to increase the happiness of sentient beings. This condi- 
tion of the earth has been slowly maturing during the long ages 
of the past, and most beautifully and strikingly illustrates the 
prospective benevolence of the Creator. The records of geol- 
ogy, when fairly interpreted, all unite in proving and illustrating 
the attributes of God ; they show that he is a God of power, wis- 
dom, and benevolence, and that, amid all the changes of material 
forms, he is unchangeably the same. 

y. But the greatest aid which geology has rendered to natural 
tneology is in enlarging our ideas of the system of the toorld and 
of the plans of God, 

Until the time of Copernicus, the space in which the universe 
was supposed to be contained was very limited, confined within 
a crystalline hollow globe of inconsiderable diameter called the 
firmament; but so soon as the telescope was directed to the 
heavens, this firmament was found to have no existence, and the 
idea of boundless space, filled with the display of God's power 
dawned upon the minds of men. 

In the same way^eology has enlarged our ideas of the time 
during which the universe has existed. Until within a very re- 
cent period, the idea was almost universal that the heavens and 

Does not pain and evil in the world militate against tbe benevolence of 
C3od ? Why not ? What other illustration of benevolence t In what has g» 
ology rendered the greatest aid to natural theology f 
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the earth were created about six thousand years since ; but an ex- 
amination of the rocks brings to view a series of changes, which 
stretch backward through periods of such amazing length, that 
the imagination is not able to fix the time of the beginning, and 
from the analogies which come up from the past, we are point- 
ed forward to indefinite ages during which man and his cotem- 
porary races will work out the grand purposes of their earthly 
existence ; and not only so, but from the changes to whifeh the 
earth has been subjected, we may believe that other changes will 
take place which will sweep away the present races of animals 
and plants, and that new and higher forms of organic beings will 
inhabit the renovated earth. 

It is thus that the records of geology carry us backward fai 
beyond the time when human history began, and point us to in- 
definite ages after it shall have been completed. How does it 
exalt and enlarge our ideas of the plans of God ! How great 
is his power, how unseai'chable his wisdom, how wonderful his 
benevolence ! Surely ** His understanding is infinite !" 

SECTION IL— CONNECTION OF GEOLOGY WITH REVELATION. 

The material universe gives abundant proof and illustration of 
the being and attributes of God. Its purpose appears to have 
been to exhibit the divine character to finite intelligences. 

First, we have presented the attribute of power in the crea 
tion of matter. Secondly, we find in addition to power, wisdom 
and intelligence in its arrangement. Thirdly, to these are added 
benevolence and providential care in its properties, uses, and gov- 
ernment. And as each successive development was more and 
more glorious, as was shown particularly in the higher orders of 
beings which were formed, we should expect, after the creation 
of man the most exalted of all, an exhibition of other attributes 
which pertain to his nature as spiritual and immortal. The cre- 
ation of an intellectual and moral race would lead to the expec- 
tation that God would make a revelation suited to their wants. 

Frum the history of the past what change may be expected ? After the are^ 
ation of man, what kind of a revelation was to be expected f 



336 CONNBOTION OF GEOLOGY WITH REVELATIOHr. 

Such a revelation has been given in the Bible. This manifest- 
ation of his higher attributes — ^his moral character — harmonizes 
with all his other revelations. In fact, each record confirms the 
truth of the other, and proves both to be from the same divine 
intelligence and wisdom. From the infinite nature of God, how- 
ever — fix>m the imperfection of language, and the difficulty of 
rightly interpreting these records, we might anticipate apparent 
discrepancies; an expectation which has been abundantly con- 
firmed in the history of the past. At the present time, the most 
important differences refer to the age of the world, and the in- 
troduction of death. We shall therefore conclude the present 
work by a very brief discussion of these topics. 

I. There is an apparent discrepancy between the Mosaic and ge- 
ological records in respect to the age of the world. 

We have presented the reasons for believing that the earth has 
existed for a much longer period than six thousand years, and 
the question is, whether the language of the first chapter of Gen- 
esis definitely fixes the time of the creation of the universe. "In ^ 
the beginning God created the heavens and the earth," is the 
majestic and sublime language with which the sacred record com- 
mences. It should be noticed, 

1. That the phrase " in the beginning" does not refer to time 
absolutely, but to the commencement of any period, process, or 
series of events, and is always limited by the subject to which it 
is attached, as the beginning of a kingdom, of the reign of a king, 
the beginning of life, &c. It undoubtedly, therefore, in this case, 
refers to the time when the universe was created. The revela- 
tion commences by ascribing the origin of all things to the power 
of God, in opposition, no doubt, to the views of heathen nations, 
which referred the creation of the universe to inferior deities, to 
chance, or to the belief that it was eternal. The heavens and 
the earth were absolutely created by the God of the Hebrews. 
There can be no doubt, therefore, but that the first verse refers 

Has such a revelation been given ? What apparent discrepancies are no* 
ticed r What does the phrase '' in the beginning" Biean t Does it fix the ex 
ftct time of the creation? 
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t 

to the time when the material universe was first brought into 
being. 

2. The simple inquiry now is, whether this first verse is a gen- 
eral caption to the remainder of the chapter, or whether it is an 
Independent proposition not connected with what follows, but 
intended merely to ascribe the ongin of all things to Grod. That 
b, whether the time of the beginning was about six thousand 
years since, or whether it is liefl undetermined. It is obvious that 
either interpretation may be adopted, so far as the language itself 
is concerned. It has been quite generally considered as a gen- 
eral assertion, the particulars of which are stated in subsequent 
verses, although many commentators have regarded it as an in- 
dependent statement, irrespective of the facts of geology. 

By what means now can the true interpretation be settled? 
The Bible is to be interpreted like any other ancient record, that 
is, by considering the object of the record, the character, knowl- 
edg€f and c&ndition of the writers, and of those to whom the writ^ 
ing was addressed. By considering these points and others, we 
may be guided to a true interpretation, and to a solution of the 
difficulties which the believers in revelation have ofben found in 
the records of science. 

(1.) The object of a revelation was to instruct men in respect to 
their duty and destiny as moral beings, and not to teach them 
physical science. The reason of this is very obvious. God had 
given the evidences of his existence and his natural attiibutes in 
the material universe. He had endowed man with powers capa- 
ble of investigating and of reading this revelation; these were 
sufficient for him as a physical being ; but he needed more ; he 
needed instruction in respect to his spiritual and immortal na- 
ture, and this he could not find in the works of God. To supply 
this knowledge, a revelation direct from God must be given, and 
such is the object of the Bible, as appears in every page from the 
beginning to the end. Had the Bible undertaken to teach sci* 
ence, we could not have received it as a revelation from God, in- 

What 18 the next inquiry t How is the Bible to be interpreted 7 WhatwM 
the object of a revelation 7 

P 
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asmuch as a revelation, in order to be credible, must make known 
tbat wbicb our natural powers are otherwise incapable of discov- 
ering. 

(2.) The people to whom the revelation was first given were 
just emerging from a state of slavery, of semi-barbarism, and 
were wholly ignorant of the principles of science, for the sciences 
did not then exist. They had no idea of secondary forces, but 
ascribed every change to the direct power of God. The heav- 
enly bodies were moved by his hand ; they heard his voice ia 
the thunder ; he opened the windows of heaven in the solid firm- 
ament but just above their heads, and poured out rain to water 
the earth; consequently, all natural phenomena were regarded 
according to apparent rather than actual truth. As revelation 
was not intended to controvert these views, but to communicate 
spiritual truth, its language must be adapted to the necessities of 
the case. The people could not, without miraculous agency, 
have understood it, if, when it referred to the material universe, 
it had adopted language which should be scientifically accurate ; 
and hence, in condescension to the views of men in a rude state 
of society, God wonderfiilly adapted his revelation in style and 
maufier to their n ecessit ies. Mt was no part, therefore, of his pur- 
pose to teach them the chrodology of the earth — ^neither Moses 
nor the people could have understood him if he had made the at- 
tempt — but to give the origin of the human race, and its rela- 
tions to himself. /Considering, then, the object of revelation, and 
the condition of men a^ the time, we are at perfect liberty to re- 
gard the first verse in Genesis as separate from the remainder 
of the chapter. The Hebrew particle which connects the next 
verse with it, rendered and, is well known to be generally used 
simply to connect the language, and not the sense. It is oflen 
rendered hut and (ifterward, and may be rendered ih this case, 
" Afterward the earth became waste and desolate." How long 

What was the character of the people to whom the revelation was given? 
What were their ideas of natural phenomena? Oonld they have understood 
a scientific explanation 7 How is the first verse of the first chapter of Genesif 
to be understood f 
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afterward we are not informed. It may have been millions of 
years, during which all the changes required by geology may 
have taken place. 

(3.) As the language of the first chapter admits of two inter* 
pretations, it is obvious that this is a case in which the facts of 
science may be brought forward to determine which shall be 
adopted. The evidence of the great age of the world derived 
from geology and astronom^s sufficient to decide this question, 
and we not only are at liberty, but are compelled to believe that 
between the beginning and the six days of creation a period in- 
tervened of which revelation gives us no account. 

If we adopt this interpretation of the first chapter, viz., that 
between the original creation of the universe and the six days' 
work a long period of time intervened, the difficulty in respect to 
the great age of the world vdll be wholly obviated. 

3. The only remaining inquiry is, whether such an interpreta 
tion is consistent with succeeding verses, and vnth other portions 
of the sacred narrative] Keeping (n view the principle that 
the language of this chapter is descriptive of the app4|rance as 
viewed by a human spectator, let us examine the remaining 
verses. 

"And the earth was without form, and void ; and darkness was 
upon [brooded over] the face of the deep." " Without Jorm, UTtd 
void** means laid waste, not what is generally understood as a 
chaos. The language does not describe a chcios, but a wasted, 
agitated condition of the earth. It had experienced a revolu- 
tion. The whole, or, more probably, portions of its surface, had 
been agitated by volcanic agency, and the darkness was due to 
vapors and volcanic ashes, which usually accompany eruptions, 
and which often become so dense as to obscure the light of the 
sun (see page 50). ' 

" And the spirit of God (thgt ig^ t^ vriad) moved over the 

Are we at liberty to make use of the facts of loieiice in interpreting the 
Bible f How is the apparent discrepancy of the two records reconciled T 
What is the meaning of the phrase << without form, and void?" How was 
this state prodaced 7 What does the phrase " ^irit of God" mean ? 
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face of the waters.'' This drove away the clouds and mists, so 
that the Jight shined through the dark and murky atmosphere. 
To the Hebrew mind whatever appeared was described as pro- 
duced directly by the command of God. ** And God said^ Let 
there be light : and there was light" 

/This completes the first day's work. On the second day the 
firmament was "made, that is, the clouds ascend^ above the 
earth. The language is fitted to the^^dea which was entertained 
J in the time of Moses, that there was a solid firmament, above 
which rain, hail, and thunder were stored, and through which 
windows were made, to allow them to descend to the earth. Th^ 
same idea prevailed until within a recent ponodj 

On the third day the land and water were separated. This 
was doubtless brought about by elevations and depressions of 
land, apd appears to have been the termination of the agitations 
of the earth, and the vegetable kin^om was cheated. It is not 
necessary to undecstand this deflcription as having reference to 
alx the species that newlexis^ but to those which were in the re- 
gion of lUs distut'bance, and such ias were necessary for the use 
of the animals that were to be formed. 

On the fourth day the sun and moon were appointed for signs 
ind seasons. The language hero, "And (5od made two great 
lights,' ' does not mean that they were then created, but appoint- 
ed for signs and seasons to the new order of beings which were 
to follow. The atmosphere had now become so cleared of vapors 
that the sun and moon were distinctly visible to a spectator upon 
the earth. The sun is the greater light, and the moon the lesser. 
" He made the stars also." This statement shows that the lan- 
guage was adapted to human observers, who were ignorant of 
the extent of the universe ; for we now know that the sun, moon, 
and earth, the whole solar system, constitute but a point com- 
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In what way was the light created 7 why this interpretation f What ideas 
bad the Hebrews of a firmament 7 How was the land and water separated 7 
Is it probable that all the vegetables now existing were created at that time 7 
How is the language respecting the creation of the smi, moon, and stars to b« 
faiterpretedt 



CONNECTION OF GEOLOGY WITH REVELATION. 341 

pared with <* the stars/' and yet a single sentence is all that is 
devoted to them^ 

On the fiflnday animals were created. This representation 
does not necessarily imply that the whole animal kingdom waB 
then created, foi there is no violence done to the language of 
the Bible by restricting the meaning of terms which describe a 
largo quantity or number. In these cases universal terms are 
usually employed : all, the whole, are employed to describe a 
large part. The reader will find numerous examples of this use 
of language in the Sacred writings, particularly in describing the 
plagues of Egypt : '' All the' cattle died," ** all the vegetation was 
destroyed," &c., and yet we find cattle and vegetables spoken of 
immediately afterward. ^ * 

Lasf of all, on the sixth day,. man, the most exalted cifeatare 
of earth, was created in the image of his Maker, endowed with a 
spiritual and immortal nature, and fitted to have dominfbn over 
all the other workd of God. Tbis whole scene was d^e of 
amazing grandeur. It wflB.no doubt witnessed by the heavenly 
intelligences, and, as tl^e first formed, p'sar walked ^eo|ct in the 
sacred garden, in the vigor and grace of their new Bn^'ig Jioly 
communion with each other, and with their heavenly Father, the 
choirs of heaven assembled, the morning stars sang together, and 
all the '* Sons of God shouted for joy." 

The theory, then, which obviates the difficulty which appears 
to exist between the Mosaic and geological records, is simply that, 
after the creation of the universe, the earth existed for an un> 
known period, during which the geological changes which we 
have sketched in this work took place, to describe which it was 
not the purpose of a revelation, and thsti; it was afterward thrown 
into a desolate state, and then fitted up in six literal days for the 
habitation of man and his cotemporary races. 

It should be observed, however, that several other theories, to 

Is is necessary to suppose that all the species of animals were created on 
Che fifth day? why not? What was the last act of creation? What other 
theory has been proposed to reconcile the language of revelation with thtf 
fiicts of science? 
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reconcile the&e two records have been proposed, the most im« 
portant of which was proposed by Jameson, and supposes that 
the six days of the creation were long periods of time, during 
which geolo^cal changes were in progress ; and many still adhere 
to this view. But there are certainly very strong objections to it. 

The Mosaic history represents the vegetable kingdom to have 
been created on the third day ; but an examination of the rocks 
shows us that animals were created as early as vegetables ; they 
are found in the lowest rocks which cdbtain any remains of organ- 
ized beings. We should expect to find the remains of the plants 
which flourished during that long third day, but there is at least 
no evidence that the coal vegetation answers to this description. 

Another objection to this hypothesis is, that the vegetables and 
animals that now exist are, with a few exceptions, specifically 
different from those found in the rocks, and different families 
have been created and destroyed at several different dnd distant 
epochs, facts which can not be reconciled with the idea that the 
six days of creation were long periods, for during nearly every 
period both animals and vegetables were created, and peopled 
the earth and the waters. 

The fact, too, stated in the second chapter, that no rain had 
taken place until about the time of the creation of man, is cer- 
tainly inconsistent with the idea that the days were long periods, 
for we have positive proof on this subject: the impressions of rain 
drops have been preserved in many of the rocks. But if, during 
the time these rocks were forming, the earth was watered by a 
mist, it is impossible to account for their existence.* 

In order to substantiate the views suggested in this section, a 
few extracts firom distinguished writers on this subject are added : 

" A philological survey of the initial section of the Bible (Gen., 
i., 1, to ii., 3) brings out the result, 

'' 1. That the first sentence is a simple, independent, all-com- 

* The reader should consult on this subject President Hitchcock's Religion 
of Geology, Dr. J. Pye Smith's Lectures, and Dr. Buckland's Bridgewater 
Treatise. 



What objection to this theciy T 
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prehending axiom to this effect : that matter^ elementary oi com- 
bined, aggregated only or organized, and dependent sentient and 
intellectual beings, have not existed from eternity, either in self- 
continuity or succession, but had a beginning ; that their begin- 
ning took place by the all-powerful will of One Being, the Self- 
existent, Independent, and Infinite in all perfections ; and that 
the date of that beginning is not made known. 

'' 2. That, at a recent epoch, our planet was brought into a 
state of disorganization, detritus, or ruin (perhaps we have no 
perfectly appropriate term), from a former condition. 

*' 3. That it pleased the Almighty, Wise, and Benevolent Su- 
preme, out of that state of ruin, to adjust the surface of the earth 
to its now existing condition, partly by the operation of the me- 
chanical and chemical causes (what we usually call Laws of 
Nature) which Himself had established, and partly^ — that is, when 
ever it was necessary — by His own creative power, or other im- 
mediate intervention; the whole extending through the period 
of six natural days. 

''It has been, indeed, maintained, that the conjunction and, 
inth which the next sentence begins, connects the succeeding 
<natter with the preceding, so as to forbid the intercalating of 
any considerable space of time. To this we reply, that the He- 
brew conjunction, agreeably to the simplicity of ancient lan- 
guages, expresses an annexation of subject or a continuation of 
speech, in any mode whatever, remote as well as proximate. 
For denoting such different modes of annexation, the Greek and 
other languages have a variety of particles ; but their use is, in 
Hebrew, compensated by the shades of meaning which the tone 
in oral speech, and the connection in writing, could supply. To 
go no further than the first two leaves of the Hebrew Bible, we 
find this copula rendered in our authorized version by thus, but, 
now, and also, 

" This interpretation is what I have been laboring to diffuse 
for more than thirty years, in private and in public, by preach- 
ing, by academical lecturing, and by^ printing. But it is not my 
ip^rpretation, though I believe that I originally derived it from 
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the sole study of the Bible-text. Clemens of Alexandria, Origen 
Basil, Chrysost(An, and Augustine, among the fathers (thougk 
not in a truly philosophical way, which was not to be expected), 
departed &om the vulgar notion ; and some judicious interpret- 
ers of the sixteenth and seventeenth centuries have done the 
sam3 ; in particular. Bishop Patrick and Dr. David Jennings 
Of modem Scripture critics I say nothing; for prejudice, justly 
or unjustly, may lie against them. Not that the question is to he 
settled by human authority. Our only appeal for decision is to 
the Bible itself, fairly interpreted. But the mention of venera- 
ble names may be useful to allay the apprehensions of some 
good persons, who only hear obscurely of these subjects, and 
have not the means of forming an independent judgment on solid- 
grounds. 

«< I therefore^ with many, feel greatly obliged to Dr. Buckland 
for having come in aid of this, which I believe to be the true sense 
and meaning of the sacred writers. I am framing no hypotheses 
in geology ; I only plead that the ground is clear, and that the 
dictates of Scripture interpose no bar to observations and reason- 
ings upon the mineralogical constitution of the earth, and the re- 
mains of organized creatures which its strata disclose. If those 
investigations should lead us to attribute to the earth, and to the 
other planetary and astral spheres, an antiquity which millions 
or ten thousand millions of years might fail to represent, the di- 
vine records forbid not their deduction. Let but the geologist 
maintain what his science so loudly proclaims, that the universe 
around us has been formed, at whatever epoch, or through what- 
ever succession of epochs, to us unknown, by the power and wis- 
dom of an Almighty First Cause ; let him but reject the absurd- 
ities of pre-existent matter, of an eternal succession of finite be- 
ings, of formations without a former, laws without a lawgiver, and 
nature without a God ; let him but admit that man is but of yes- 
terday, and that the design of revelation is to train him to the no- 
blest purity and happiness in the immortal enjoyment of his Cre- 
ator's beneficence, and be will find the doctrines of the Bible not 
an impediment, but his aid and his joy." — Dr, J, Pye Smith. 
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" Many of the early fathers of the Church were very explicit 
on this subject. Augustin, Theodoret, and others, supposed that 
the first verse of Genesis describes the creation of matter distinct 
from, and prior to, the work of six days. Justin Martyr and 
Gregory Nazianzen believed in an indefinite period between 
the creation of matter and the subsequent arrangement of all 
things. Still more explicit are Basil, Cssarius, and Origen. It 
would be easy to quote similar opinions from more modem writ 
ers, who lived previous to the developments of geology." — Tres- 
tdeni Hitchcock. 

" The interval between the production of the matter of the 
chaos and the formation of light is undescribed and unknown." 
— Bishop Horsley, 

*' By the phrase in the beginnings the time is declared when 
something began to be. But when God produced this remark- 
able work, Moses does not precisely define." — Doederlin. 

**• The detailed history of creation in the first chapter of Gen- 
esis begins at the middle of the second verse." — Dr, Chalmers. 

" Our best expositors of Scripture seem to be now pretty gen- 
erally agreed that the opening verse in Genesis has no necessary 
connection with the verses which follow." — Dr, Daniel King, 

** That a very long period — ^how long, no being but God can 
tell — ^intervened between the creation of the world and the com- 
mencement of the six days' work recorded in the following verses 
of the first chapter of Genesis, there can, I think, be no reason- 
able doubt." — Dr. Pond. 

II. A second apparent discrepancy between geology and revela- 
tion relates to the time of the introduction of death and the reasont 
therefor. 

Several passages of the sacred record teach us that the death 
of man was a penal infliction consequent upon the sin of our 
first parents. 

** By one man sin entered into the world, and death by sin, 
and so death has passed upon all men, for that all have sinned." 

What does the Bible teach in retpect to. the death of man t 

P2 
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Olher passages appear to teach the same doctrine, that death 
and the pain which attends it were the result of sin. 

The only question is, whether this penalty relates also to the 
hrute animals ; that is, whether death came into the system of 
organization through the apostacy of man 1 

There are no passages in the Bible which assert or imply that 
death to the inferior races was immediately connected with the 
fall of Adam. 

It would be certainly contrary to natural justice to punish an 
imals generally for the fault of one particular species. Neither 
reason nor revelation teach or demand this ; and yet it is a very 
common opinion. It has been suggested by an able writer oc 
this subject that the idea was derived from Milton^s Paradise 
Lost rather than from the Bible. 

** She plack'd, she ate ! 
Earth felt the wonnd, and Nature, from her seat, 
Sighmg throagh all her works, gave signs of woe 
That all was lost." 

" The sun 
Had first his precept so to move, so shine. 
As might affect the earth with cold and heat 
Scarce tolerable, and from the north to call 
Decrepit winter ; from the south to bring 
Solstitial summer's heat." 

** Some say he bid his angeb turn askance 
The poles of earth twice ten degrees and more 
From the sun's axle ; they with labor push'd 
Oblique the centric globe." 

" Thus began 
Outrage from lifeless things ; but discord first, 
Daughter of Sin, among the irrational 
Death introduced, through fierce antipathy 
Beast now with beast 'gan war, and fowl with fowl, 
And fish with fish : to graze the herb all leaying, 
Deyour*d each other." 



Does the Bible teach the same in respect to the i>rute animals f From what 
•oorce have ideas on this subject been obtained f 
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This description seems to have been incorporated into the 
Christian system as of divine authority. It accords with the sen- 
timent of the pious heart to attribute the disorders of earth and 
death itself to sin. But we ought to be careful, and not substitute 
the imaginations of the poet for the truths of revelation. 

Assuming that the death of the human species was the penalty 
of transgression, we have the most positive proof that it occurred 
to the inferior animals in millions of cases before man was crea- 
ted. The remains of animals extend below those of men in the 
rocks to a depth of at least six miles, and this fact shows that 
death was introduced long before sin existed in this world. 

1. But perhaps the most convincing argument on this subject 
is derived from the structure and habits of the carnivorous races. 
Their teeth and whole organization render it impossible for them 
to exist on vegetable food. They were intended to devour flesh, 
and this implies the necessity of the death of some to sustain 
others. The same organization is found in those animals whose 
remains are found in the rocks, and, in some cases, one animal 
is found in the body of another, both changed to stone, an ever- 
during monument that death was a law of nature long before man 
existed. 

2, Death also results from organization itself; the parts wear 
out and decay, and were evidently never intended for terrestrial 
immortality. In fact, we can see much good resulting from death 
to the inferior races ; for, as their powers decay, they give place 
to new and more vigorous forms of life, so that the aggregate of 
enjoyment is much greater than it could be under any other sys- 
tem ; there is, moreover, a necessity either to restrain the multi- 
plication of individuals, or to remove some of the species to pre- 
vent the world from being so filled that their support would be 
impossible. 

"Put the case," says Dr. J. Pye Smith, "that there be no death. 
Upon this supposition, two or three modes are conceivable : 

What proof that death to the inferior animals did not result from the sin of 
Adam f What is the most convincing argument on this subject f From what 
does death necessarily result f 
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** a. Life prolonged without food. But this would be irrecou- 
cilable with a system of successive production, nutrition, assimi- 
lation, and growth. Such beings would be perpetual possessors 
of the earth and the waters, in their own persons, without any 
progeny. Only imagine such a world ! Shall we say one, or 
■ome number of each species 1 Quadruped, bird, reptile, fish, 
mollusc, zoophyte, insect of every kind, including all those in- 
visible without microscopic aid : each immortal. 

*' b. Life prolonged by vegetable food alone. But this would 
require a differently constituted vegetable world ; for there is no 
plant on the land or in the sea which does not nourish myriads 
of minute insects, which are destroyed in the eating of the plants. 

" c. Must there be any multiplication by progeny upon any 
scheme? Then, either the whole number must be extremely 
small ; or be kept down in some inconceivable way ; or would, 
after a time, multiply to that degree that there would not be room 
for them. The land and the waters would be over-filled !" 

3. It is not improbable that our first parents had witnessed the 
death of the inferior animals before their transgression. It would 
seem that they must have understood the nature of the threaten- 
ing : ** In the day thou eatest thereof thou shalt surely die;*' or, 
if they had not this experience, still it is true that millions of 
animalcules which exist in v\rater and vegetables must have been 
destroyed in the food of man and other animals previous to sin. 

Some have supposed that the whole organization was changed 
after the fall ; that, previous to that event, all animals were sup 
ported upon vegetable food ; but the above fact is fatal to such an 
hypothesis ; and, if it were not, it is too extravagant to be received; 
the inhabitants of the ocean, as whales for example, would have 
found it rather inconvenient to have obtained a sufficient amount 
of vegetable food, even if they could have subsisted upon it. 

Death is a necessary law, both of the animal and vegetable 
kingdoms, and, unless the whole system were changed, it would 

What would be the condition of the world if death had not been introduced f 
Did our first parents prcbably witness the death of the inferior animakf 
VHiat hypothesis has been saggested T What objections to it? 
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be impossible to avoid it. It is, moreover, certain that no change 
of the kind has taken place since the first animals were brought 
upon the surface of our planet, and their bodies entombed in ^ 
the lowest fossiliferous rocks. Carnivorous races have existed 
during all the geological periods. 

Why, then, it may be asked, is it necessary to suppose that the 
death of mankind is an exception to this general law 1 what force 
is there in the threatening as a penalty for sin ] and in what sense 
can it be said that <* by one man came sin, and death by sin T' 
The true answer to these inquiries is, that if man had not sinned^ 
he would not have been subject to death, but would have been trans 
lated at the end of his probation, without ea^eriencing the change 
in the same way with the inferior animals ; but because he sinned^ ^ 
he was doomed to suffer the pains of death, even as the beasts that' |p 
peruk. To him it is a much greater calamity, for he has intel- ^ 
ligence, and can anticipate it. The sting of death is sin ; he is, 
therefore, all his lifetime subject to bondage through fear of death. / 
This theory relieves us from all difficulty in respect to the intro- 
duction of death previous to sin, and renders the truths of science 
and of revelation perfectly consistent with each other. 

In order to account for the introduction of death previous to 
sin, another view is presented by some writers. 

To the divine mind, all the events which would transpire 
throughout the universe were present before the work of crea- 
tion commenced. This is a result of his foreknowledge ; sin 
was, of course, included in this knowledge, and God arranged 
all things in view of that event. He made a world adapted to a 
fallen race, and introduced death as a part of the system, because 
sin was included in it. In this view death may be said to be the 
penalty for sin, and this theory may be more satisfactory to some 
minds than the one given above. 

If, however, the views now presented do not prove that the 
fects of science are consistent with revelation, it would still be 
unreasonable to believe that either record was false, for other 

What other theory to account for the introdnctioii of death as a consequence 
offinT 
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modes of interpretation may yet be suggested, and future discoy 
eries may be made, so tbat both shall be seen to proceed from the 
same source of light and truth. 

Astronomy was for a long time supposed to be hostile to rev 
elatim, but all the difficulties which it presented have vanished 
as the word and tne works of God have been better understood. 

Ancient monuments and insciiptions have also been referred 
to as conflicting with the truth of the sacred record, but these, 
too, have all yielded a willing testimony to its truth. In fine, the 
word of God has been assailed irom every department of human 
knowledge, and has come out of the contest not only victorious, 
but has gathered new strength by every such conflict; so that 
the Christian believer may never fear that science and revelation 
will come into such deadly hostility that a reconciliation will not 
be effected. 

They are but parts of one great system, united by mutual affini 
ties. They are divergent streams, flowing from the same fount- 
ain, each sending forth its fertilizing influences to renovate and 
bless the world. Their circling currents mingle in the same great 
ocean ; and while the philosopher lifts up his eyes to heaven with 
the devout exclamation, "Great and marvelous are thy works, 
Lord God Almighty ! in wisdom hast thou made them all," the 
Christian may respond with deeper gratitude and in loftier strains, 
" Thou hast magnified thy word above all thy works ;^* and both 
may unite in exploring those higher mysteries which pertain to 
the spiritual kingdom of God. 

What other sciences have been supposed to be hostile to revelation 7 What 
has been the result f 
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^libotVs ninstrated Histories. 

Suitable for Reading Books in SeboolsL Slmninated TiU^ 
pages and numerous Engrayinga. 16mo, Muslin, 60 centi 
ea<ui ; Muslin, gilt ed^es, '75 cents eaeh. 

Cleopatra. —Josephine. — ^Madame Roland. — ^Xerxes. — CyruSi 
— ^Darius. — ^Alexander. — ^Hannibal — Julius Caesar. — ^Alfred.— 
William the Conqueror. — Queen Elizabetli. — ^Mary Queen of 
Scots. — Charles L — Charles U. — Maria Antoinette. — ^Romulua 
— ^Pyrrhus. — ^Nera 

Abercrombie on the Intelleetaal Powers. 

Essay on the Intellectual Powers. Inquiries concemingthe 
Intelleetual Powers and the Investigation of Truth. With 
Questions. 18mo, Muslin, 45 cents ; Half Bound, 50 cents. 

Abercrombie on the Moral Feelings. 

The Philosophy of the Moral Feelings. With Questioii* 
18mo, Muslin, 40 cents; Half Bound, 50 cents. 

IJison's Essay on Taste. 

Essay on the Nature and Principles of Taste. With CorreC' 
tions and Improyements, by Abraham Mills. 12mo, Muslin, 
'75 cents. 

Andrews's Latin-English Lexicon. 

Founded on the larger German-Latin Lexicon of Dr. Wiluam 
Fbeund. With Adiutions and Corrections from the Lexicona 
of Gesner, Facciolati, Scheller, Georges^ is^ Royal 8vo^ 
Sheep, $5 00. 

ilUithon's Classical Dictionary. 

Containing an Account of the Principal Proper Names me^ 
tioned in Ancient Authors, and intended to elucidate all Om 
important Points connected with the Geography, History, Bi* 
ography, Mythology, and Fine Arts of the Greel^s and Romany 
together with an Account of the Coins, Weights, and Measurer 
of the Ancients, with Tabular Values of the same. Royal 8yg 
Sheep extra, $4 00. 

Anthon's Latin-English Dictionary. 

A Latin-Enelish and English-Latin Dictionary, for the use of 
Schools. Chiefly from &e Lexicons of Fr«und, Qwrgot^ md 
SAltoAmidt teall 4ti^ Sheep, #8 Oa 
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2 B00X8 F0& SCHOOLS AND OOULJSQaik 

AnihoiAi Caaarioal Series. 

ttin LesflonSf Latm Grammar, Part L Ck>iitaiiimg the most 1* 
portant Parta of the Grammar of the Latin Langai^e, to^ethe^ 
irith appropriate Exercises in the Translating and Writmg ci 
Latin. 12mo, Sheep extra, '76 cents. 

''«atin PiOfa Compoiitioii. Latin Grammar, Part IL An Introdoei 
tion to La&i Prose Composition, with a complete Gonrse cf 
Exercises, illustratiye of all the important Principles of I^iip 
Syntax. 12mo, Sheep extra, 76 cents. 
%MT to the Above is published, which may be obtained by 
Teachers. 12mo, HalfSheep^ 60 cents. 

X' ipt'8 Latin OnniBiar* From the ninth Edition of the Original, 
adapted to the use of English Students. By Jjeoveasd 
ScHMTTZ, HlD. Corrected and enlarged. 12mo^ Sheep extrsi 
^6 cents. 

An ffUDOMXiiT of the Aboye. 12mo^ Sheep extra, 60 cents. 

Latiii Prosody and M«tre* From the best Anthorities^ Ancient sii4 
Hodem. 12mo, Sheep extra, 76 cents. 

Iiatin ? irsifleation* In a Series of Progressive Exercises^ including 
Specimens of Translation from English and German Poetry 
into Latin Verse. 12mo, Sheep extra, 76 centa 

A Kit t<» the Above is pnblished, which may be obtained by 
Teachers. 12mo, Half Sheep, 60 cents. 

C»sar'8 Comnentaries on the Gallic War, and the first Book of th« 
Greek I araphrase ; with English Notes, Critical and Explana- 
tory, Plans of Battles, Sieges, <&&, and Historical, Geograph 
ical, and Archaeological Indexes. Map^ Portrait, ^c 12mo| 
Sheep extra, $1 00. 

*» Aneid of ?irgil. With English Notes, Critical and Explana* 
tory, a Metrical Clavis, and an Historical, Geographical, and 
Mythological Index. Portrait and many Illustrations. 12mG^ 
Sheep extra, $1 26. 

Eolognes and GeergScs of Virgil. With English Notes, Critical and 
Explanatory. 12mo, Sheep extra, |1 26. 

tiBost's Jagnrthine War and Conspiracy of Catiline. With an Ep^ 
^ish Commentary, and Geographical and Historical Indexte. 
jRew Edition, corrected and enlarged Portrait. 12mo, Sheef 
CExtra, 76 cents. 

Ihe Works of Horace. With English Notes, Critical and Explan» 
\ory.^ A new Edition, corrected and enlarged, with Excursions 
relative to the Vines and Vineyards of tiie Ancients ; a life 
of Horace, «kc 12mo, Sheep extra, |1 26. 

%Kit Select Orations. With English Notes, Critical andE]q>la» 
atory, and Historical, Geofiraphieal, and Legal Indexes. An 
wprorad Edition. Potiraik Iftoo, Sheep eaoln, $1 00. 
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iUitlion's Classical SerieSi continiied. 

Cicero de Senectntej De Amicitia, and Paradoza, and the life of 
Atticus by Nepos. With EngUsh Kotes, Critical and Explaor 
atory. 12mo, Sheep extra, 75 cents. 

Cicero's Tnscnlan Dispatationst With English Notee^ Critical and 
Explanatory. 12mo, Sheep extra, |1 00. 

Vhe Germania and Agricolay and also Selections from the AnTii^lfn 
of Tacitus. With English Notes^ Critical and Explanatory. 
12mo, Sheep extra, (1 00. 

Ceineli^s Vepos* Comelii Nepotis Yit« Imperatomm ExcellentiiixD. 
With ^[iglish Notes, Jcc. 12mo, Sheep extra, (1 Oa 

Terence* Terentii Comoedise, with English Notes, Metrical Tables 
and an Essay on the Scanning of Terence^ Ac 12mo, Sheep 
extra. (In prest,) 

First Greek Lessons* Containing the most important Paris of the 
Grammar of the Greek language, together with appropriate 
Exercises in the Translating and Writing of Greek ; for the use 
of Beginners. 12mo, ^eep extra, 75 cents. 

flreek Prose Composition* Greek Lessons, Part IL An Introduce 
tion to GrreeK Prose Composition, with a complete Course ot 
Exercises illustrative of all the important Principles of Greek 
Syntax. 12mo, Sheep extra, 75 cents. 

Grammar of the Greek Langnage* For the use of Schools and Col. 
leges. 12mo, Sheep extra, 75 cents. 

t Hew Greek Grammar* From the German of Eiilmer, Matthiis^ 
Buttmann, Rost, and Thiersch; to which are appended Aie« 
marks on the Pronunciation of the Greek Language, and C^oro- 
nological Tables explanatory of the same. 12mo, Sheep extra» 
75 cents. 

^ek Prosody and Metre* For the use of Schools and Colleges; 
together with the Choral Scanning of the Prometheus Vinctu* 
of iEschylus, and (Edipus T^rannus of Sophocles, to which are 
appended Remarks on the Indo-Germamc Analogies. 12m<^ 
^eep extra, 75 cents. 

A Greek Reader* Principally from the German of Jacobs. With 
' English Notes, Critical and Explanatonr, a Metrical Index to 
Homer and Anacreon, and a copious Lexicon. 12mo, Sheep 
extra, |1 00. 

Homer* The First Six Books of Homer's Diad, to wluch are ap- 
pended English Notes, Critical and Explanatory, a Metrical In- 
dex, and Homeric Glossary. New and enlarged Edition. 
12mo, Sheep extra, $1 25. 

The Anabasis of Xenophon* With English Notes, Critical and Ex- 
planatory, a Map arranged aocordmg to the lateai and best AUr- 
thoritiee, and a Plan of tiie Battie of OimaM. ISokh Sbeif 
rira.il 25. 
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Antlum's Classioal Series, continued. 

Xenophon's Memorabilia of Socrates* From the Text of Kuhnor 
With Explanatory |[otea» Ac., by D. B. Hkkis, I1L.D. Firrf 
Ameriean EditioD, ooxreoted and enlarged. 12ino, Sheep ex- 
tra, |1 oa 

Manual of Bomaa IntiipiiCieaa Fr«m the most recent Gennaii 
Works. With a Deeeription of the City of Rome, Ac I2m% 
Sheep extra» Sti eente. 

Mmiial of Gneil I'tteratare« With a Critical History of the 6rt<fc 
LanguagOi IStafH Sheep extra, |1 00. 

Haniial of Oreek iDtkpiities. From the best and most recent 
Sooroea. ISmo^ Sheep ^xtra, 8*71 cents. 

Maniial of Greek dud Soman Mytfaolosy. 12mo, Sheep extra. 

Latin Syntax. Latin Lessons, Part IL Containing Latin Syntai» 
with Beading Ijcssons, and Exereises in double translation, on 
the basis of Kuhner^s. 12mo, Sheep extra. (Uniform with 
Latin Lessons, Part L) 

OTid. Selections from the Metamorphoses of Orid. With English 
Notes, Critical and Eiq>lanatoTy. 12mo. (Inpresi.) 

£aripide8. The Hecuba, EQppolytns, Medea, and Bacchse of Eurip* 
ides. With English Notes, Critical and Explanatory. 12ma 
{In press.) 

Jarenal. The Satires of JuvenaL With English Notea Critical 
and Explanatory. {In press,) 

Bigelow on the Usefiil ArtSi 

considered in Connection with the Applications of Science 
With numerous Engrayings. 2 vols. 12mo, Muslin, $1 50. 

Boncliarlat's Meclianics. 

An Elementary Treatise on Mechanics. Translated from ihfi 
French, with Additions and Emendations, by Prof. Edwabd H. 
CouBTENAY. Plates. 8yo, Sheep extra, $2 25. 

Beyd's Eclectic Moral Philosopliy ; 

prepared for Literary Institutions and general Use. 12m% 
Muslin, 75 cents. * 

|N)yd'8 Bhetoric and Critidsm. 

Elements of Rhetoric and Literary Critieism^ with eopious 
Practical Exercises and Examples. Lidudinff, also, a succinct 
CUstory of the English language, and of Brituh and American 
Literature, from the earliest to the present Times. On the 
Basis of the recent Works of ALxxANDia Bxm and B. CuinnBix; 
'fith large Additions firom other Soorees. 13mo^ Half Bovn^ 
cents. 
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Brando's Encyclopedia. 

A Dictionary of Science, literature, and Art; eomprising the 
History, Description, and Scientific Prineiples of evenr Braneh 
of Human Knowledge; with the Derivation and Dennition of 
all the Terms in general use. Illustrated by numerous En- 
grayings on Wood. 8yo, Sheep extra, |4 00. 

!^ke on the Sublime and BeantiM. 

Essay on the Sublime and Beautiful A Philosophical Inquiir 
into the Origin of our Ideas of the Sublime and the Beauti^ 
With an Introductory Discourse concerning Taste. Edited by 
Abraham Mills. 12mo, MusLm, 16 cents. 

Bnttmann's Greek Grammar. 

A Greek Granmiar, for the use of High Schools and IJniyersi- 
ties. Reyised and enlarged by Alexander BumiANN. Trans- 
lated from the I8th Gterman Edition, by Edward Bobinsoh. 
D.D., LL.D. 8yo, Sheep extra, |2 00. 

Campbell's Philosophy of Bhetorio. 

Reyised Edition. 12mo, Muslin, |I 25. 

Cicero's Orator. 

Cicero's Three Dialogues on the Orator. Translated into En* 
glish, by W. Guthrie. Reyised and Corrected, with Notes. 
18mo, Muslin, 45 cents. 

Clark's Elements of Algebra. 

Embracing, also, the Theory and Application of Logarithms; 
together with an Appendix; containing Infinite Series, the 
General Theory of Equations, and the most approyed Methods 
of resolying the higher Equations. 8yo, Sheep extra, |1 00. 

Comte's Philosophy of Kathematics. 

Translated from the Cours de Philosophie Positiye, by W. M. 
Gillespie, AM. 8yo, Muslin, |1 25. * 

Crabb's Synonyms. 

English Sjnonyms explained. With eoj>ioiu Illustrations and 
Explanations^ drawn from the best Writers. 8yo^ Sheep e» 
tra, |2 00. 

Dickens's Child's History of Bngteal 

2 yols. or 1, 16mo, Muslin, $1 00. 

Socharty's Arithmetic. 

12mo, Sheep extra. (In press.) 

Pocharty's Institutes of Algebra. 

Being the First Part of a Course of Mathematioi^ desisned tot 
the use of Schools, Academies, and Colleges. 1 Wo, Sheep ex- 
tra, 75 cents. 

f^aper's Text-book on Chemistryi 

for the use of Schools and Colleges. Carefolly reyised, with 
Additions. With 800 Illustrations. 12mo, Sheep, 15 cents. 
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A Kaw BiiOBiPTiTB CATALoauB or Hasfkb a BboihbbiT 
PuBUCATiOHS, with Ml Judsof. and Classified Table of Contents/ is 
now ready for Distiibntion, and maj be obtained gratnitooslj on 
application to the Fnbliihen penoiiaUy, w bj letter inclosing Six 
Cbmts in Postage Stamps* 

The attention of gentlemen, in town or country, designing to form 
liibraries or enrich their Literaiy Collections, is respectfiilfy invited 
to this Catalogae, which will be foond to comprise a large propor- 
tion of the standard and most esteemed woiIdi in EngliA Literature 

— 001IFBSHIB2IDINO MOXB THIX TWO THOUSAXD TOUJIOBS — which 

ore offered, in most instances, at less than one half the^cost of sim- 
dar productions in England. 

To Librarians and others connected with Colleges, Schools, Ac^ 
Who may not have access to a reliable guide in forming the true 
estimate of literaiy productions, it is believed this Catalogue will 
prove especially valuable as a manual of reference. 

To prevent disappointment, it is suggested that, whenever books 
can not be obtained through any bookseller or local agent, applici^ 
tions with remittance should be addressed direct to the Pnblish«i^ 
which will be piomptijr attended to* 
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In order that others may use this book, 
please return it as soon as possible, but 
not later than the date due. 



